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The title of my lecture implies a degree of clair- 
voyance as to the future of nutrition which 1 am 
sure 1 do not possess. Nevertheless it is fun at times 
to indulge in speculation. In a field in which one 
is working it is also necessary for one’s peace of 
mind to take an occasional long look ahead to make 
sure that one is on what seems to be the right path. 

Nutrition has been the handmaiden of paediatrics 
fora long time. It has served us well, has helped 
us enormously in reducing infant mortality and 
morbidity, and we in turn with our problem of infant 
feeding have been the chief clinical group to apply 
nutritional knowledge. We have learned to feed 
children successfully and we think we know why we 
are successful. We think we know what the 
essential nutrients are almost, if not completely, and 
we have an extensive knowledge about quantitative 
requirements. 

Has nutrition indeed virtually completed its task ? 
Should we look now to other preclinical disciplines 
to help us in the future? Should our young 
would-be investigators be steered toward other 
tools? You may suspect from my title that this is 
not my thought for I believe that the contributions 
which nutrition can make to us in the future are 
quite as bright as those of the past, if not brighter. 
But before I develop my thesis that nutrition is only 
nearing the end of the first phase of its development, 
its infancy and childhood, and before I undertake 
to point out the beginning signs of puberty and 
sketch what may be its adult pattern, I want to say 
a few words about the childhood of nutrition and 
our own stake in it, the nutritional needs of the 
normal child. 

The foundations of knowledge of the nutritional 
requirements of the child were laid in the last century, 
an era which lasted up to World War I. Energy 
requirements were reasonably well established and 
much was learned about the requirements for 
hitrogen and the major minerals. This knowledge 
came from many workers in different countries, but 
notably ‘rom the German school, of which Czerny 
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and Keller were the outstanding examples. What 
was termed ‘the newer knowledge of nutrition’ was 
born about the time of World War I. The accessory 
food factors then came into view as did the essential 
amino-acids, and to these have been added many 
trace minerals. These epoch-making discoveries 
gave nutrition a prominent place among the medical 
disciplines. In paediatrics we have witnessed a 
gradual revolution in our thinking about feeding 
problems; nutrition has largely replaced digestion 
as a guide in feeding. Digestive disorders there are 
and doubtless will be for some time to come. They 
were formerly attributed to the food. We used to 
look at the stools to guide us in feeding, either at 
the stools themselves or at various hieroglyphics.on 
the chart designed to describe them. Their return 
to normal was the measure of success, but today 
little attention is paid to them. We look at them 
only to ascertain roughly the extent of the nutritional 
handicap we are faced with, and we bend our efforts 
to overcoming that handicap and meeting nutri- 
tional requirements. With rare exceptions we no 
longer attribute digestive disturbances to the food 
but to circumstances quite apart from and unin- 
fluenced by the food, notably infections, enteric and 
parenteral. The pioneers of this revolution said 
their say in the early 1920s, Marriott and Park in 
our country and Schick and Wagner in Vienna, but 
it took a long time for their points of view to find 
general acceptance. They appreciated clearly the 
fallacy of using the stools as a guide and the 
desirability of feeding the child what he needed, 
regardless of intestinal tolerance. 

Perhaps it was impatience on my part at the slow 
acceptance of what seemed sound, perhaps the 
realization that this was in part due to the paucity 
of supporting data. At any rate our group in New 
York undertook some 10 years ago to obtain data 
which would answer what seemed to be the two 
fundamental questions concerned in feeding the 
patient with some form of intestinal intolerance: 
(1) Is food absorption benefited by feeding a poorly 


tolerated foodstuff? (2) Is recovery delayed by such 
feeding? 
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ARCHIVES OF DISEASE IN CHILDHOOD 


TABLE 1 


EFFECT OF QUANTITY OF ORAL FEEDING ON FOOD ABSORPTION IN INFANTILE DIARRHOEA 
(From Chung, 1949) 


| | 
Case 19 | | | Na K Ca cl ‘Fat 
| (ml./day) (g./day) | (mEq/day) | (mEq/day) | (mEq/day) | (mEq/day) | (g./day) (g./day) 
Low intake | Oraiintake | 960 1:58 8-3 | 12-8 6-8 7-35 1-15 
(24 cal./kg.) Faeces 156 2°45 | 7:2 9-4 20-8 12-0 3-42 0-46 
Absorbed 804 —0:87 | +3-+93 0-69 
% Intake | 
Medium Oralintake | 1,200 | 3-16 11-2 16-6 25-6 13-6 14-70 2-30 
intake Faeces | 11:7 9:5 19-5 11-9 5-60 0-42 
(49 cal./kg) Absorbed 1,032 +0-85 —0:5 +7-1 +6-1 +1-7 +9-10 1-88 
% Intake | 
absorbed 86 | 27 eae 43 24 13 62 82 
High intake Oral intake | 1,410 6:32 22:4 33-2 51-2 27-2 29-40 4°60 
(100 cal./kg.) | Faeces 270 4-50 18-1 12-3 42-7 21-6 12-10 0-50 
Absorbed 1,140 +1-82 + 4:3 +20:9 + 8-5 5-6 17-30 4-10 
% Intake | | 
absorbed | 81 | 29 19 63 17 a7 59 88 


Our studies have involved five conditions associ- 
ated with intestinal intolerance: acute diarrhoea and 
several conditions associated with steatorrhoea, 
namely, coeliac disease, cystic fibrosis of the pan- 
creas, biliary obstruction and prematurity. I shall 
present only a few illustrative examples, since details 
of these studies are published elsewhere (Chung, 
1948; Chung and Viscorova, 1948; Chung and Holt, 
1950; Chung, Morales, Snyderman, Lewis and 
Holt, 1951; Morales, Chung, Lewis, Messina and 
Holt, 1950; Krahulik, Shoob, Morales, Snyderman 
and Holt, 1952). 

Table 1 illustrates balance data on nitrogen, fat 
and several minerals in an infant with diarrhoea 
studied at three different levels of food intake. Net 
absorption of each foodstuff is increased by increas- 
ing the intake despite additional stool losses. This 
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PERCENTAGE OF CASES 
| 


— Fed 
—-—- Starved 


finding, which we observed consistently, points to 
the value of a generous food intake. Fig. | illus- 
trates the duration of diarrhoea in two groups of 
patients, one treated with initial therapeutic starva- 
tion, the other with full feedings from the start. It 
is apparent that initial starvation fails to accelerate 
recovery. The policy of feeding cases of diarrhoea 
which is supported by these studies is not recom- 
mended as a substitute for parenteral therapy. 
Obviously the oral route is inadequate to maintain 
nutrition in severe disorders, but it is recommended 
to supplement whatever parenteral therapy may be 
necessary and in the absence of vomiting much 
useful food can be so introduced. 

In the steatorrhoeas we have tested the effect of 
generous fat supplements on the absorption of fat 
and other foodstuffs. We find consistently that fat 
tolerance, judged by the 
percentage of fat intake 
absorbed, is unaffected by 
the fat load within the 
limits studied; increasing 
the intake increases stool 
loss but also the amount of 
fat absorbed which is what 
we are interested in. Table 
2 illustrates this in a patient 
with coeliac disease, whose 
improved nutrition is illus- 
\ trated in the next figure. 

\ Table 3 gives similar data 

\ on a case of cystic fibrosis, 


DURATION OF DIARRHOEA IN DAYS 


5-6 7-8 9-10 13-I4 15-I6 17-18 


Fic. 1.—Influence of ear!y feeding 
on duration of infantile diarrhoea 
(from Chung and Viscoreva, 1948). 
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| Water | Ash Na K P Fat N Weight 

| ((ml./day) (g./day) | (mEq/day) | mEq/day) (mEq/day) (mEq/day) | (mEq/day) | (g./day) | (g./day) 
Control | Intake | 1,920 | 14-84 50-0 79-0 168-0 | 52:6 46:0 | 76-80 | 8-06 20-6 
diet Urine 525 5-40 33-3 48-4 0-6 12-5 25: | 2-98 

Faeces | 186 5-35 4:7 | 7-0 | 81-5 19-1 | 0-9 41-50 | 1°53 

Absorbed | 1,734 | 9-49 45-3 | | 86-5 33-5 45-1 | 35-25 | 6:53 

| % Intake | | 

Control | Intake 1,920 | 16-64 78:2 | 79-8 | 172-3 52-9 | 74:8 153-60 | 8-06 20:6 
diet Urine 679 7:26 | 48:6 | 45:5 0-7 12-8 | | 3-38 
| Faeces 272 | 6:50 | 8:2 9-2 84:5 21-0 2-1 89:40 1-54 
butter) | Absorbed 1,648 | 10-14 | 70-0 10:6 87-8 31-9 72-7 64-20 6°52 | 
day % Intake 86 Ss SC 90 89 60 97 | 42 81 

absorbed | | | | | | 

TABLE 3 


EFFECT OF ADDING FAT TO DIET OF A PATIENT AGED 3? YEARS WITH CYSTIC FIBROSIS OF THE PANCREAS 
(From Chung et al., 1951) 


| 
| Water | Ash | Na K | Ca P | cl Fat ___ Weight 
(ml./day) (g./day) (mEq/day) | (mEq/day) | (mEq/day) (mEq/day) | (mEq/day) (g./day) | (g-/day) 

Control Intake 1,883 11-15 92-0 58-0 | 126-0 41-2344 1-90 | 14-7 
diet Urine 1153 | 4:84 | S65 | 42:8 | 4:5 7:6 21-00 3-22 

Faeces 78 4:26 (5-7 6-3 62-0 13-3. | 24-80 | 1-07 | 

Absorbed 1,805 | 6°89 | 86-3 51-7 64-0 4-43 

% Intake | 

absorbed, 62 89 51 6 9 80 
Control Intake 1,815 12-98 | 98-0 6 «60-5 130-0 41-6 | 37:2 163-15 14-7 
diet Urine 900 | 5-94 68-3 48-7 1-4 67 45-7 3-15 | 
+112:5g. | Faeces 248 | 3°28 | 5-9 4:0 59-2 13-0 | 1-4 | 37-10 1-23 | 
butter/day | Absorbed | 1,567 9-70 92:1 70-8 28-6 35-8 126-05 4-27 | 

% Intake | 

absorbed | | 93 | | 7 78 

i 

TABLE 4 


EFFECT OF ADDING EXCESS FAT TO DIET OF 8-YEAR-OLD BOY WITH CONGENITAL ATRESIA OF BILE DUCTS 
(From Krahulik ef al., 1952) 


Diet Fat Intake (g./day) 
Evaporated milk 63-2 
Evaporated milk + butter .. 168-8 
Evaporated milk 63-2 
Evaporated milk + butter .. 168-8 


Fat Absorbed 
Faecal Fat (g./day) (g./day) % of Intake 
36-8 26-4 41-5 
90-0 46-6 
37-2 26-0 41-0 
86-3 51-1 


Table 4 one with congenital biliary atresia. The 
linear relationship between fat intake and fat 
absorption in premature infants is shown in Fig. 2. 
A similar relationship between fat intake and fat 
absorption in patients with kwashiorkor has recently 
been demonstrated by Gomez and his colleagues in 
Mexico City (Gomez, Cravioto, Frenk and Ramos 
Galvan, personal communication). 

Habits are hard to change and concepts with 
which we are thoroughly indoctrinated are hard to 
shake off. At least I have found it so, for I was 
thorou:hly indoctrinated to rest a disordered 
intestic and impressed with the inevitable increase 


in stooling when this advice was not followed. In 
presenting the opposite viewpoint I must disclaim 
any originality for the philosophy back of it. Credit 
for that belongs to my teacher, Edwards A. Park, 
who wrote in 1923 (Park, 1924): 


‘The habit of starving an infant just because he 
has frequent stools is fallacious and gives rise to 
disastrous results.’ 


A similar statement was made in that same year by 
Schick and Wagner (Schick and Wagner, 1923) in 
Vienna. Speaking of the intestine in what we now 
call coeliac disease they wrote: 
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Fic. 2.—Relation of fat intake to fat absorption in premature infants, 
(From Morales et al., 1950.) 


‘these observations indicate that the therapy of 
sparing can do harm in such cases and that from 
the point of view of a return to health much more is 
to be expected from the therapy of use.’ 

These authors obtained chemical as well as clinical 
evidence to support the thesis that use rather than 
rest of a disordered intestinal function is beneficial. 
Table 5 shows one of their experiments illustrating 


TABLE 5 


EFFECT OF ADDING FAT TO DIET OF PATIENT WITH 
CHRONIC INTESTINAL INDIGESTION* 


Day Diet Stool Fat 
(g./day) 

4/12/21 | Control 4:4 
4/13/21 Control + 34 g. butter 6:6 
4/14/21 | Control + 34 g. butter 6:7 
4/15/21 Control 11-7 
4/16/21 Control 10°4 

Control 6:0 


4/17/21 | 


* Of 34 g. fat added approximately 29 g. were absorbed. (From 
Schick and Wagner, 1923.) 


the effect of adding butter to the diet of a coeliac 
patient. Most of the added butter was absorbed; 
only a fraction went to increase the stool output. 
In giving credit to these pioneers I should be remiss 
if I did not mention the work of Macrae and 
Morris from Glasgow published in 1931. These 
workers had the courage to add large quantities of 
fat to the diet of several coeliacs and reported 
improved absorption despite increased stool losses. 
They were among the first to think in terms of 
nutrition rather than of digestion. 

If a final blow were needed to give the coup de 
grace to the doctrine of therapeutic starvation it 
is furnished by the recent observation of René 
Dubos (1955) who showed in experimental animals 
that a fast of 30 hours produced a demonstrable 


lowering of resistance to three types of bacterial 
infection which he studied, tuberculosis, stap iylo- 
coccus and Friedlander bacillus infections. 

I turn now to some observations we have made 
on the minimal requirements of certain nutrients, 
particularly the B vitamins and essential arnino- 
acids. Someone may wonder why anyone bothers 
about minimum requirements which at first giance 
seem to have little practical value. Why noi just 
give what seems to be clinically satisfactory in 
preventing deficiencies which should provide enough 
with a reasonable margin of safety? The answer to 
that query is that there are a number of circum- 
stances in which it is important to know exact food 
requirements. It is important to have such informa- 
tion in conditions of food shortage. It is also 
needed in clinical situations where we are limited in 
our ability to give food, notably in disorders of the 
digestive tract. With a limited capacity to handle 
food we cannot afford to waste on unessentials what 
may be needed for essentials. We need to know 
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Fic. 3.—Relationship between thiamine intake and thiamine excretion 

in the urine of the infant. As the intake is decreased the urinary 

excretion falls to a minimum level of approximately 5 gamma per day. 
(From Holt et al., 1949.) 
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Fic. 4.—The relation between thiamine of tissues and thiamine excretion in urine of rats. 


dry tissue and micrograms per day of thiamine in urine. 
averages of four animals sacrificed. The urine figures represent 


what is essential in order to avoid excesses that 
may be harmful as well as wasteful, and, finally, 
marginal studies are of great importance in defining 
criteria of adequacy in instances where these are in 
doubt; the development of reliable clinical and 
laboratory criteria may lead to the recognition of 
deficiency states where they are not known to exist. 
Minimum requirement studies are difficult to 
carry out in infants. With adults one can get 
volunteers and deplete them until symptoms develop 
but with infants an ethical problem is involved. We 
have aitempted to solve this difficulty by establishing 
In adu'ts and in experimental animals biochemical 
data © incipient deficiency before clinical symptoms 
made their appearance. Such criteria of ‘sub- 
clinic’ deficiency’ were then applied to infants since 
there vas no evidence of harm resulting therefrom. 
In ‘+e case of several of the B vitamins the urinary 
€xcre''on can be used as a criterion of adequacy. 


Abscissae represent days on thiamine-deficient diet. 


Ordinates represent micrograms thiamine per g. 
The tissue figures represent 


averages of surviving animals. (From Salcedo et al., 1948.) 


As one reduces the intake of thiamine for example, 
and this was done on a synthetic diet consisting of 
vitamin-free casein, fat, carbohydrate, minerals and 
a mixture of pure vitamins, the thiamine excretion 
falls, eventually reaching a minimal point beyond 
which further decreases in intake cause no further 
drop in urinary excretion (Fig. 3). Evidence that 
this ‘point of minimal excretion’ coincides with the 
minimal requirement and that spill above this point 
represents surplus was derived from clinical observa- 
tions on depleted adults (Holt, 1944) and from 
studies on depleted rats (Salcedo, Najjar, Holt and 
Hutzler, 1948). In these animals it was found 
(Fig. 4) that the nervous system retains its thiamine 
in the face of depletion until the ‘point of minimal 
excretion’ is reached, beyond which it begins to lose 
thiamine abruptly. By gradual adjustment of the 
thiamine intake we have determined the point of 
minimal excretion in seven infants and find that by 
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Turning to riboflavine (Fig. 7), we were abe to 
evaluate the riboflavine requirement by a si:xilar 
technique, a sharp break in the urinary excr-tion 
curve as the intake was reduced (Fig. 8). The 
minimum requirement obtained by the ‘poiit of 
minimal excretion’ technique was found to be a ievel 
which would barely maintain the riboflavine content 
of the red and the white blood cells. The minimal 
riboflavine requirement of the infant was found to be 
between 0-4 and 0-5 mg. per day (Snyderman, 
Ketron, Burch, Lowry, Bessey, Guy and Holt, 1949), 


Variations in the proportions of calorigenic food- 
stuffs (Fig. 9) in the type of carbohydrate, the 
addition of antibiotics and of adsorbants failed to 
influence the requirement. An interesting observa- 
tion on the relation between riboflavine requirement 
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Fic. 5.—Determination of the point of minimal thiamine excretion 

in aninfant. When the thiamine intake is increased above 160 gamma 

per day thiamine is excreted in the urine above the minimal level. 
(From Holt et al., 1949.) 


this criterion the minimal requirement of thiamine 
varies from 0-16 to 0-20 mg. per day (Holt, Nemir, 
Snyderman, Albanese, Ketron, Guy and Carretero, 
1949). We have studied the influence of various 
factors on the thiamine requirement: the effect of 
changing the proportion of caloric foodstuffs, the 
effect of changing the type of carbohydrate, of 
adding adsorbents and of giving antibiotics (Fig. 5). 
Increasing the carbohydrate calories caused some 
increase in thiamine requirement (Holt and 
Snyderman, 1955) (an _ in- 

crease from 0-20 to 0-28 mg. 

in the experiment shown 300, 
in Fig. 6) but varying the phen = 


and infection was made. One infant maintained on 
a constant riboflavine intake just above the minimal 
requirement level suffered a series of infections 
resulting each time in a temporary weight loss. 
Associated with each of these episodes was an out- 
pouring of riboflavine in the urine. Our interpreta- 
tion of this finding is that during these periods of 
stress the individual is living on his own tissues and 
that the riboflavine stored in them is then liberated, 
flooding the organism (Fig. 10). The administration 
of a riboflavine supplement at such a time would 
seem to be superfluous. 

The nicotinic acid requirement of the infant was 
evaluated by means of the excretion of N-methyl 
nicotinamide (N.M.N.) in the urine. It is well 
known that tryptophane can serve as a source of 
nicotinamide, but it was not known whether the 
tryptophane ordinarily supplied in milk formulas is 
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nature of the carbohydrate, pies 
suppressing the intestinal flora 100 


or giving adsorbants had no 
demonstrable effect (Holt, 
1950). Prolonged autoclaving 


FAT | 


destroyed thiamine in signifi- 
cant amounts. PER Day) 
PERCENTAGE - 
DISTRIBUTION 9°97 
OF 60- 


Fic. 6.—Relation between composition 


CALORIES 40- 
of diet and thiamine requirement in an J CARBONYORATE 
infant. Increasing the carbohydrate 20- 
causes a drop in thiamine excretion to 
minimal levels. The original level of 
from 200 to 280 gamma per day. (From 50 60 ad 


Holt and Snyderman, 1955.) 
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Fic. 7.—Prolonged autoclaving of milk for half an hour destroys 
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enough thiamine to reduce the thiamine output in the urine to the (9) 2.0 
minimal level. (From Snyderman and Holt, unpublished observa- : 
tions.) Intake -mg/day 
Fic. 8.—Relation between riboflavine intake and 
riboflavine excretion in the urine. As the intake 
is decreased below 0-5 mg. per day the urinary 
riboflavine decreases only minimally. (From 
Snyderman et al., 1949.) 
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Fic. 9.—Determination of point of minimal excretion of riboflavine in an infant. Intakes above 0-35 mg. 


cause increased spilling of riboflavine in the urine. 
the minimal requirement level cause a gradual repletion of blood riboflavine values. 


Over a prolonged period intakes at or slightly above 
(From Snyderman 


et al., 1949.) 
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diarrhoea 
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WEIGHT 


Fic. 10.—Associated with 

; bouts of infection and weight 

loss there is a_ marked 

increase in the urinary out- 

put of riboflavine. (From 

Snyderman and Holt, un- 
published observations.) 
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sufficient to cover the need for this vitamin. Fig. 11, 
illustrating an experiment on a synthetic diet con- 
taining no nicotinic acid whatever, shows that when 
15% of the calories are supplied as casein the 
nicotinic acid requirements are more than met, for 
the N.M.N. remains above the minimum. When 
only 10% of the calories are supplied by casein the 
urinary excretion drops to the minimal value. 
Since there is some nicotinic acid in milk apart 
from that which can be derived from the dietary 
tryptophane, it would appear that we have an ample 
margin of safety in regard to this vitamin on the 
type of formula commonly used for infants. 

Our studies established the essentiality of pyri- 
doxine for the infant (Snyderman, Holt, Carretero, 
and Jacobs, 1953) and data on some of our American 
proprietary feedings where this vitamin was in- 
advertently destroyed to a variable extent have given 
us an accurate value for the requirements of infants 


(Holt, 1954). We have not been able to demonstrate 
2 
O 


the essentiality of folic acid under normal condi- 
tions. It would appear that biosynthesis of this 
factor takes care of needs reasonably satisfactorily, 
but when this is suppressed by antibiotics a folic acid 
deficiency develops readily (Fig. 12). In studies of 
several months’ duration we have not been able to 
establish pantothenic acid or biotin as dietary 
essentials for the infant and the same is true for 
vitamin Biz. Most of the studies described to you 
were carried out before the discovery of Biz which 
was therefore not provided in our synthetic vitamin 
mixture. Some 40 experiments, lasting many 
months, have been carried out on children receiving 
no known source of Biz, none of which point to an 
appreciable need for this factor. It is of course 


possible that minute amounts of B,2 were present 
in our vitamin-free casein which unfortunately is no 
longer available for assay. All we can say is that 
if there is a Bic requirement it must be extremely 
small. 


Fic. 11.—On a synthetic diet in which 15°, 
of the calories are derived from casein the 


fat 


protein 


excretion of N-methyl nicotinamide 
(N.M.N.) remains above the minimal value oe 
even when no nicotinic acid is fed. When , 80 
the protein calories are reduced to 10%, Ow 60 wees 
N.M.N. excretion falls to the minimal level. — a ce 
(From Snyderman and Holt, unpublished 5O 40 Ske 
observations.) 20 
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any single amino-acid can be reduced 


II 
at will (we have replaced it by an 
WEIGHT ivalent t of glycine) until 
(kg) io. en equivalent amount of glycine) until an 
intake is found which will no longer 
support normal growth and nitrogen 
3 retention. In this way we have been 
HAEMATOCRIT 3 able to evaluate the requirement of the 
(%) infant for threonine, phenylalanine and 
eight : lysine as is shown in the accompanying 
ye ee figures. The data obtained indicate a 
ed 9 63 ” requirement for threonine of 60 mg. 
» 4 1 per kg. per day, for phenylalanine of 
FOLIC ACID — 3 | 2 90 mg. and for lysine of 90 mg. (Pratt, 
EXCRETION 24 14 Snyderman, Cheung, Norton, Holt, 
IN URINE (3/day) \ vu Hansen and Panos, 1955; Holt and 
4 Snyderman, 1956; Snyderman, Pratt, 
FOLIC ACID. O-@% Cheung, Norton, Holt, Hansen and 
503 E 508 i i 
INTAKE (%/doy) }28 = O6 | Panos, 1955). Others are being studied 
and requirements obtained in our 
p earlier studies with cruder techniques 
292 18 308 IS 27 | 9 are being re-evaluated (Fig. 14). 
ily Kea FEB. MAR. APR. MAY _ Amino-acid requirements are assum- 
cid mg. folic daily Streptomycin Sulfa suxidine ing considerable importance in 
of Fic. 12.—Elimination of folic acid from the diet together with the administration of _ Measures to control protein deficiency 
antibiotics causes arrest of weight gain and the development of a macrocytic anaemia, jj many so-called underdeveloped 
to both of which respond rapidly to the administration of folic acid. (From Snyderman : = 5 
ary and Holt, unpublished observations.) countries. They are also giving us 
for concern because of a new develop- 
we We have some evidence for the existence of a ment in our country, namely, the commercial 
ich dietary factor which still eludes us, which may be exploitation of essential | amino-acids as food 
wa a B vitamin (Snyderman, Holt, Nemir, Guy, Carre- supplements. This promises to rival the vita- 
wa tero and Ketron, 1950). After five to seven months min exploitation which has reached deplorable 
ie on our synthetic diet infants stop gaining weight proportions. In both instances exploitation has 
i though exhibiting otherwise every appearance of occurred because of lack of exact knowledge of 
ie health (Fig. 13). Supplements of brewer’s yeast will requirements and of exact criteria of deficiency. In 
a usually restore growth, but often only after a pause. the case of the B vitamins the harm is largely in the 
a The missing factor is definitely not Bie. economic waste; the margin of safety from the point 
nat We have made observations on essential amino- 
iy acid as well as on B vitamin requirements. This 10 
requires a basal diet deficient in the amino-acid to Subject JB. 
be studied which can be supplemented at any desired 
level. Early approaches to this problem were 7 
unsatisfactory. The use of deficient proteins is 5 
objectionable because in most of these there are <= & 
multiple amino-acid imbalances. Chemical de- 
gradation of food proteins or hydrolysates is £4 8 
undesirable because of unknown degradation g 
products. Mixtures of pure amino-acids can be 6 2 & 
used, but unless one uses only the natural L-forms : he 
D-isomers, and unless the unessential amino-acids 40 80 160 2000 740 


are provided these must be made from the esseritial Time in days 


ones wich alters the requirements for the latter. 
5 We how use a synthetic diet in which nitrogen is 
supplic’ by a mixture of 18 L-amino-acids in the 
Proportions found in breast milk. With this diet 


Fic. 13.—Infant fed on a synthetic diet composed of casein, fat, 

sugar, minerals and purified vitamins. Arrest of weight gain after 

100 days without other evidence of impaired health. Supplementa- 

tion with brewer’s yeast was followed by a spurt in weight. (From 
Snyderman et al., 1950.) 
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of view of health is, in most instances, enormous. 
But in the case of lysine and some of the other 
amino-acids this is not the case; doubling the usual 
intakes may lead to amino-acid imbalance. Notable 
observations on the effect of lysine in humans have 
come from G. A. Rose at University College who 
has demonstrated important losses of three other 
amino-acids, cystine, arginine and ornithine in urine 
(Rose, 1956). Studies in animals (Elvehjem and 


70.6'535 53.6: 
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Fic. 14.—Lysine requirement of a normal infant aged 1} months. 
weight curve and to reduce a nitrogen retention of 200 mg. per day. 


20 25 301 


MAY JUNE 


An intake of 88-4 mg. per kg. is sufficient to maintain a normal 
(From Holt and Snyderman, 1956.) 


Harper, 1955) and on tissue cultures (Swim and 
Parker, personal communication) have shown how 
readily amino-acid imbalances can be produced. 

The data that I have shown you all represent 
work done by others in our department. My own 
part has been a passive one. The list of active 
workers is a long one, but I must mention three of 
them very particularly: Dr. Arthur Chung, Dr. 
Edward Pratt and Dr. Selma Snyderman. 
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In concluding I want to revert to the title of my 
paper and discuss where nutrition is going. There 
can be littlke doubt that we now know practically 
all the essential nutrients. When we can make a 
completely synthetic diet out of pure synthetic 
chemicals that will permit health and growth for 
an indefinite time we shall have reached that goal, 
but it looks as if we were almost there now, we can 
so nearly do it. The quantitative as well as the 
qualitative data will soon be at hand. But the 
future of nutrition as I see it, the big future which 
is just opening up, is the field of nutrition in disease 
rather than in health. In the last analysis cells 
which sicken and die from any pathological process 
do so because they are improperly nourished. They 
may die because of failure of some one of the 30 odd 
essential nutrients that we now recognize. They 
may die because of an abnormal requirement of 
one of our presently known nutrients. They may 
also die for lack of what I may call a conditional 
nutrient, a nutrient needed only in a particular 
pathological state, a stress nutrient if you will. I 
shall give a few examples of abnormal nutritive 
requirements in disease. To start with our familiar 
nutrients, we are all aware of increased caloric 
demands in fever and there is evidence, too, of an 
increased nitrogen requirement at this time. Weare 
familiar with the demineralizing effects of acidosis 
and with an increasing number of situations causing 
potassium losses from the cells which need to be 
replaced. In resistant rickets we have an example 
of a condition requiring many times the usual 
requirement of vitamin D; in the premature there 
is an exceptional need for C. A condition demand- 
ing an excess Of Be, pyridoxine dependency, has 
been described. Most of us pay little attention 
to a need for essential fatty acids. We know that 
the rat will develop a scaly tail if he does not have 
them, and the dog, too, suffers on a completely 
fat-free diet (Wiese, Baughan and Hansen, 1955), 
but such long-term studies as have been done on 
infants indicate no more than a suggestion of 
increased skin difficulties. Recent observations of 
Peifer and Holman (1955) and by Kinsell, Michaels, 
Partridge, Boling, Balch and Cochrane (1953) have, 
however, shown us that certain stresses can greatly 
Increase the requirement for essential fatty acids. 
A deficit of Bs will do this, for this vitamin catalyses 
the synthesis of the needed arachidonic from the 
more «oundant linoleic acid in ordinary diets. 
Feedin: cholesterol and, even more so, any condition 
associa’ with hypercholesterolaemia markedly 
increas’. the need for essential fatty acids. Clinical 
observ; ions from South Africa (Bronte-Stewart, 
Anton. Eales and Brock, 1956) indicate that fish 
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oils rich in higher unsaturated fatty acids will lower 
blood cholesterol levels in patients with idiopathic 
hypercholesterolaemia. 

Perhaps By: is an essential nutrient for the human. 
The evidence on this point is not yet clear. It is 
clear that it is not essential for certain ruminants 
which can synthesize it in the gut if they are given 
enough cobalt. The report of Sinclair and his 
associates (Wokes, Badenoch and Sinclair, 1955) 
that complete vegetarians or vegans fail to thrive 
after a time if they receive no animal protein is 
suggestive but not conclusive. But even if we do 
need B,2 we need it only in traces in contrast to the 
far greater quantity needed by the patient with 
pernicious anaemia. The observations of Bodian 
(Bodian, 1955) on the effect of large doses of By 
on neuroblastoma have perhaps not provided the 
cure for that disease, but I want particularly to 
comment on them because | think they illustrate a 
principle the significance of which is not generally 
appreciated, the principle that different cells have 
different nutritive requirements. A dietary factor 
may upset the balance between malignant and 
non-malignant cells and I believe that nutrition is 
today one of our most hopeful approaches to the 
problem of neoplastic disease. I should like~to 
mention another illustration of this approach which 
comes from the laboratory of J. B. Allison at 
Rutgers University (Allison, 1956). In studying 
malignant tumours in dogs and their destruction by 
the phosphoramide compound TEPA Allison found 
that with the more malignant tumours the host 
could not tolerate the dose of the agent required 
to kill the tumour. However, by using extremely 
large doses of two methylating agents, methionine 
and glycocyamine, he was able to build up the 
resistance of the host and enable the host to tolerate 
the effective tumour-destroying dose of the agent. 
Is it a coincidence that Bi is also concerned in 
methylations ? 

Degenerative diseases and anomalies of meta- 
bolism are hopeful fields for the discovery of a 
missing nutrient that can be supplied. Tyrosine is 
ordinarily an unessential in diet for the body can 
make it from phenylalanine. In the phenylketonuric 
child, however, it is essential. Tyrosine formation 
from phenylalanine is then virtually nil and unless an 
adequate amount of tyrosine is given as such 
melanin formation suffers. 

The nutrition of the future will deal with many 
substances which we do not regard as nutrients 
today. They are cell nutrients, substances which 
under normal conditions may be elaborated within 
the body. We know little about them now. We 
shall learn much more from tissue culture studies 
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with synthetic media. Many of our hormones, 
perhaps all of them, belong to this category, but 
they are only a few of the substances which are 
concerned with cellular metabolism. To introduce 
complex substances within the cell may be difficult 
and perhaps impossible, but it may not be necessary 
to do this. A simple prosthetic group may be all 
that is needed, a ‘stress vitamin’. Perhaps the 
premature infant dies because he has not learned 
how to make certain enzymes that his more mature 
brother can make without difficulty. Perhaps he 
needs a special set of vitamins to supply the 
prosthetic groups for these enzymes. 

We have nearly completed our knowledge of 
nutrition in health but we have scarcely begun to 
scratch the surface of the vast field of nutrition 
in disease. I do not expect to see much of that 
development myself. I expect to be kept busy for 
my few remaining years trying to finish up some 
of the more elementary things I have been telling 
you about. This future development, the maturity 
of nutrition we can only see dimly at present, but 
that it will serve paediatrics even better than the 
nutrition of the past is something I have no doubts 
about. The nutritionist of the future, and the man 
who applies nutrition to paediatrics, will be a 
different kind of person from the one of the past. 
He will be less concerned with rat growth and the 
external appearance of a rat’s tail, but he will know 
far more about enzymes and about the intermediary 
metabolism of cells in vivo and in vitro. Let us 
encourage our young investigators to follow this 
path and to keep it in good repair. 
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THE DAY AND NIGHT OUTPUT OF URINE IN ENURESIS 


BY 


DAVID VULLIAMY 
From The Hospital for Sick Children, Great Ormond Street, London and Tadworth, and Queen Elizabeth Hospital for 
Children, Hackney Road, London, and Banstead 


(RECEIVED FOR PUBLICATION JUNE 29, 1956) 


The excretion of urine is one of several bodily 
activities which is subject to a daily rhythm. It has 
been clearly demonstrated how the rate of urine 
output is reduced during the hours normally devoted 
to sleep and how this rhythmic reduction in flow 
persists in spite of regular fluid intake throughout 
the 24 hours and in spite of alteration in the periods 
of sleep and activity (Mills, 1951). The average 
adult secretes just over half the amount of urine by 
night that he does by day, though individual varia- 
tion is wide, and this applies to children from 
infancy upwards (Beyer and Kayser, 1949). 

The belief that there is a group of nocturnal 
enuretic children who wet the bed because they lack 
this ability to inhibit the urine flow at night is now 
quite widely held. Friedell (1927) studied 39 
enuretics and found that eight of them passed urine 
of relatively low specific gravity at night; it was this 
group which he found particularly resistant to treat- 
ment. Smellie (1949), in discussing the pathogenesis 


of the condition, stated that nocturnal polyuria. 


had not been sufficiently emphasized, and that it 
was an outstanding feature of most cases. Holman 
(1954) seems to have been of the same opinion, for 
her book on bedwetting contains the following 
reference to the matter: 


‘For the child “‘night” is at least as long as day; 
if, as many do, he also has the unfortunate idiosyn- 
crasy of a greater rate of excretion by night than 
by day, there will be a correspondingly greater 
volume of urine accumulating.’ 


Braithwaite (1956) mentioned it in his presidential 
address to the Royal Society of Medicine, though 
his own investigations did not cover this aspect of 
the subject. Poulton and Hinden (1953) put the 
matter to the test and measured the diurnal and 
nocturnal output of 200 enuretics in hospital. They 
found ‘hat no less than three-quarters of them were 
excreting an abnormally large volume at night and 
they concluded that enuresis is commonly due to 
anom:'ous renal secretion. 

It therefore seemed worth while to try to confirm 


the observation with strict control of some of the 
variable factors which influence urine volume, and 
if nocturnal polyuria was indeed significant, to 
investigate the cause thereof. 


Method 

Two groups of children were studied in hospital, 
namely, (1) enuretics and (2) children of similar age 
who were in hospital for other reasons but were not 
enuretic. Boys were chosen for the enuretic group 
in preference to girls because of the necessity for 
using a collection apparatus at night without undue 
restriction or sedation. None were included if it 
was thought that psychological disturbance was 
severe nor in whom any clear organic cause was 
demonstrable. Two enuretic girls were included and 
for these no collecting apparatus was used but they 
were roused sufficiently to pass urine at approxi- 
mately three-hourly intervals during the night. From 
the experimental work of others it is clear that the 
diurnal-nocturnal rhythm is not likely to have been 
influenced by such small variations in the depth of 
sleep (Simpson, 1924). Standardization of the fluid 
intake and diet reduced the day-to-day variation in 
urine output to some extent but there were inevitable 
differences in the amount of activity and in the 
environmental temperature. 

The day was taken as 6 a.m. to 6 p.m. and the 
night as 6 p.m. to 6 a.m. Fluid intake apart from 
that in food was as follows: 


Age 4-5 years 900 ml. 
6-8 years 1,050 ml. 
9-12 years 1,200 ml. 


The first drink each day was given at 6 a.m. and 
the last drink at 6 p.m. Diet was standardized as 
far as possible for the three age groups, the sodium 
and potassium intake being measured in most cases 
with a view to comparing the relative day and night 
output of these electrolytes in enuretics and controls. 
Variations in diet did occur but they were such as 
would make no significant difference to the volume 
of urine excreted. 
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The ‘day’ collection consisted of all urine passed 
after 6 a.m. up to and including a 6 p.m. specimen. 
The ‘night’ collection consisted of all urine passed 
after 6 p.m., up to and including a 6 a.m. specimen. 
Night urine from the enuretics was obtained by 
means of Paul’s tubing fixed over the penis, and, 
provided that there was supervision at frequent 
intervals during the night, this was found to be a 
satisfactory method. If any leakage did occur, the 
results for that 24 hours were discounted. The 
bladder was emptied voluntarily at 6 a.m. after 
the collecting apparatus was removed. 

Regulation of fluid intake and diet was begun 
two days before the collection was started and this 
continued over an average period of five days and 
nights for each child. Sodium and potassium output 
was also measured because it was hoped that this 
would assist in elucidating the cause of the antici- 
pated nocturnal polyuria. Day-to-day variations 
did occur but were no more marked in the enuretic 
group than in the controls. It was therefore decided 
(after obtaining statistical advice) that no error 
would be introduced by basing conclusions on the 
average daily output for the period. 


Results 


The accompanying table shows the average daily 
fluid intake and the day and night urine output in 
each case, together with the ratio of day: night 
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volumes. Fig. 1 shows the night urine : >lume 
plotted by age for both groups in the for: of a 
scattergram. It can be seen from these tha: most 


children passed a volume of urine at night b ‘tween 
150 ml. and 400 ml. varying to some extent wi.h age. 
There was no significant difference between the night 
urine volume of the enuretics and that of the 
controls. There were, however, four subjects whose 
night urine volume lay well outside these limits and 
who may be said to have had nocturnal polyuria, 
Two were enuretics (13E and 14E) and two were 
controls (10C and 16C). Case 13E (enuretic) gave 
a history of thirst and polyuria both by day and 
night and was accustomed to living in a sub-tropical 
climate. He was admitted with a tentative diagnosis 
of diabetes insipidus but investigations showed that 
there was no impairment of his ability to concentrate 
urine and it was considered that his thirst was in 
the nature of a habit. Prolonged observation was 
not possible because of his return abroad. Case 10C 
(control) had mild bronchiectasis and no explanation 
for his nocturnal polyuria can be given. Cases 14E 
(enuretic) and 16C (control) were both cases of 
coeliac disease, the significance of which is discussed 
below. 


In Fig. 2 the day output of urine in each case is 
plotted against the night output giving the day: night 
ratio. There is a tendency for the values to cluster 
around the 2:1 line with few exceptions and no 


TABLE 
Enuretics Controls 
Urine Urine Urine | Urine 
Sub-| Age 24-Hour Output Output Ratio of | Sub- | Age |_ 24-Hour Output Output Ratio of 
ject | (yr.) am— | p.m.— Day Urine | ject | (yr.) | Intake - | .m.— Day Urine 
ml. p.m | a.m. Nieht Urine | ml.) p.m. a.m. | Night Urine 
Gal.) Gm) | | (mi.) | (mi.) 
1E| 5 900 | 39 | 108 3-66 ic | 4 | 900 | 192 | 200 0:96 
2E 5 900 | 468 | 324 1-44 20 4 | 900 312 Zoe 1:24 
3E 6 1,050 514 255 2-08 aC 4 | 900 540 188 2-87 
4E 7 1,050 600 204 2-94 4C > | 900 477 216 2:20 
5E a 1,050 540 252 2:14 5C a 900 516 324 1-60 
6E - 1,050 408 164 2-50 6C 6 1,050 528 252 2:10 
TE 1,050 619 3 1-53 6 | 1,050 | 471 285 1-65 
8E Ks 1,050 579 337 1-71 &C 7 1,050 | 528 216 2-45 
9E 7 1,050 552 208 2-66 9C a. | 1,050 | 492 360 1-36 
10E 8 1,050 540 380 1-42 10C e | 1,050 490 568 0-88 
11E 8 1,050 564 216 2-60 11C 7 | 1,050 759 239 47 
12E 8 1,050 660 240 2:75 |v. ei 1,050 | 696 436 1-60 
13E 9 1,200 672 608 1-10 13C 8 | 1,050 612 284 2°15 
14E 9 1,200 564 804 0-70 14C 8 | 1,050 595 302 1-97 
1I5SE| 9 1,200 708 348 2-02 15C 8 | 1,050 540 224 2-40 
16E 9 1,200 552 312 1:77 16C 8 | 1,050 360 804 0-45 
17E 10 1,200 456 372 1°23 1 10 | 1,200 456 264 1°73 
18E | 10 1,200 622 302 2-06 18C 10 | 1,200 660 364 1°81 
19E 11 1,200 396 332 1-20 19C | 1,200 733 | 251 2-91 
20E | 11 1,200 540 348 1-55 20C | 11 | 1,200 | 602 302 2-00 
21E 11 1,200 612 436 1-40 21C 11 | 1,200 | 588 264 2-22 
22E 12 1,200 600 300 2-00 22C 11 1,200 588 | 336 1-75 
| | 23c | 11 | 1,200 | 552 | 408 1-35 
24C | 12 | 1,200 864 | 312 2-77 
Day urine Day urine 
Average ratio of Night Urine ~ 1:93 Average ratio of Night Urine ~ 1-90 
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significant difference between enuretics and controls. 
The main exceptions were again the subjects 14E, 
10C and 16C whilst 13E tended to conform more 
closely to the average since he had both diurnal and 
nocturnal polyuria. The subject 1C whose day:night 
ratio was approximately 1 was a case of fibrocystic 
disease of the pancreas (vide infra). 

The average day: night ratio of urine output for 
the enuretic group was 1-93 whilst that of the control 
group was 1-90. 

Since the figures for sodium and potassium 
excretion do not add any useful information relevant 
to the present problem, they have not been tabulated 
in detail. It is interesting to note, however, that 
the average day: night ratio of both sodium and 
potassium output scarcely differed from that of the 
urine volume, i.e., 


Enuretics Controls 
Average day output of sodium 90 1-97 
Average night output of sodium 1 
Average day output of potassi 
verag' y output of potassium 1-92 1-92 


Average night output of potassium — 


Bladder Capacity 
Apart from the collections of urine at 6 a.m., 
6 p.m. and 10 p.m., the children passed urine when 
they felt the need to do so. The largest volume of 
urine passed in one act of micturition during the 
stay in hospital therefore represented approximately 
the amount the bladder could hold without stress. 
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This maximum volume was compared in so:.ie of 
the members of the two groups and is Ciiarted 
according to age (Fig. 3). It can be seen that the 
bladders of most of the enuretics held a relatively 
small quantity compared with those of most of the 
controls. 
Discussion 
It is disappointing to find that a clinical impression 
cannot be confirmed when put to the test. When 
questioned, the mother of the enuretic child will 
often readily support the notion of nocturnal 
polyuria in terms which are illustrative rather than 
factual; for example, “You could float a battleship 
in the bed’. Under the conditions of the present 
investigation, it seems probable that if relative 
nocturnal polyuria does cause enuresis, it is likely 
to be due to some well defined disease, renal or 
otherwise. The observation that it may accompany 
steatorrhoea, as in the two instances mentioned here, 
is not a new one, though I can find no previous 
record of it happening in childhood. Wollaeger and 
Scribner (1951) gave a very clear account of it 
occurring in adults with idiopathic steatorrhoea and 
they showed that it was almost certainly due to 
retention of fluid in the small gut during the day 
with delayed absorption and hence excretion at 
night. 
The fact that even when polyuria at night is 
marked, bedwetting does not necessarily follow, is 
well illustrated by the patient with 
coeliac disease (16C) who was 
never enuretic in spite of an output 
of about 800 ml. urine. His bladder 
capacity had adjusted itself to the 
increased flow, an _ achievement 
is sometimes seen to a 
remarkable extent in children with 
diabetes insipidus. 
It is sometimes said that enuretic 
children have a tendency to excrete 
@ =a large volume of urine in the first 
few hours after going to sleep and 
° this would not have been revealed 
oO by measurement only of total night 
volume. However, a specimen was 
always taken at 10 p.m. and the 
quantity passed between 6 p.m. and 
10 p.m. was measured. No signifi- 
cant difference between enuretics 
and controls was found in_ this 
respect. 
Renal function is to some extent 
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Fic. 3.—Maximum bladder capacity compared in some members of both groups of children. 
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output of urine to return to normal. While this is 
difficult to disprove, it is unlikely that a nocturnal 
polyuria sufficiently great to be the cause of bed- 
wetting would suddenly cease in so large a proportion 
of cases. Although it is well known that enuretics 
may have dry beds when first admitted to hospital, it 
is by no means a constant occurrence and is probably 
often accounted for by lighter sleep. 

The tendency to a small bladder capacity in the 
enuretics aS compared with the controls is not 
unexpected. It is a well known clinical observation 
that even if there is no incontinence of urine in the 
day time, enuretic children almost always have some 
increased frequency of micturition. Cystometric 
studies have confirmed it. 

The results of this investigation do not point the 
way to any new line of research into the causes of 
this distressing condition but if they have helped 
to put one suggested ‘organic’ cause into its right 
proportion, a small knot will have been unravelled 
from the tangle. 

Summary 

The theory that nocturnal polyuria is a common 
contributory cause of enuresis has been tested by 
measurement of the day and night output of urine 
from 22 enuretic children and 24 children who were 
not enuretic, under standardized conditions of diet 
and fluid intake. 


No significant difference was found between the 
two groups. 

The association of relative nocturnal polyuria 
with steatorrhoea was noted but enuresis did not 
always accompany it. 

The tendency for most enuretics to have a 
relatively small bladder capacity as judged by the 
maximum volume passed in one act of micturition 
was confirmed. 


I should like to thank the physicians and surgeons at 
Queen Elizabeth Hospital for Children and The Hospital 
for Sick Children, Great Ormond Street, for allowing 
access to their patients, Prof. A. A. Moncrieff and Dr. 
Winifred Young for advice and encouragement, Dr. 
W. W. Payne and Dr. B. Levin for much laboratory 
work, Miss Dillistone for help over the diets, and 
especially the sisters and nurses who did nearly all the 
hard work in collecting urine specimens. 

The diagrams were drawn by the Department of 
Illustration, The Hospital for Sick Children, Great 
Ormond Street. 
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THE REBOUND PHENOMENON IN ACUTE 
RHEUMATIC FEVER 


K. S. HOLT 
From the Department of Child Health, the University of Sheffield 


(RECEIVED FOR PUBLICATION JULY 2, 1956) 


Children suffering from acute rheumatic fever are 
usually treated with the hormone preparations, 
cortisone and A.C.T.H., or with salicylates. Almost 
always symptoms are rapidly alleviated and clinical 
signs of activity subside. In a number of cases 
discontinuance of treatment when the disease pro- 
cess seems to be quiescent is followed by an apparent 
recrudescence. This feature has become known as 
the rebound phenomenon but an extensive search 
of the literature has failed to reveal any detailed 
study of it. 

Definitions 

There is a divergence of opinion with regard to 
the significance of the terms ‘relapse’ and ‘rebound’. 
Illingworth, Burke, Doxiadis, Lorber, Philpott and 
Stone (1954) suggested that a relapse occurs if the 
criteria suggested by Jones (1944) for the diagnosis 
of rheumatic fever are again satisfied. Bywaters and 
Dixon (1952) defined a relapse as a return of the 
disease after its apparent cessation and a rebound 
as ‘no more than a special type of relapse which we 
define as the transient worsening of the disease 
process’. A distinction is made by Kelley, Adams 
and Good (1953) between a laboratory rebound, as 
revealed solely by such tests as the erythrocyte 
sedimentation rate, the C-reactive protein and the 
serum mucoproteins, and a clinical rebound in 
which there may be fever, tachycardia and sub- 
jective symptoms. It is likely that the laboratory 
rebound, clinical rebound and relapse merely 
represent different degrees of the same process. 


Incidence 


Interest in the rebound phenomenon increased 
when cortisone and A.C.T.H. were employed in the 
treatment of rheumatic fever. Several writers have 
implied that the rebound is a feature of hormone 
therapy. That a rebound may be seen after 
salicylate treatment has been emphasized by Massell 
(1950, 1953), Fischel, Frank and Ragan (1952), 
Stollerman (1953), Illingworth et al. (1954), Kuttner 


(1954) and McEwen (1954), and Still (1927) wrote: 
‘I have several times observed that . . . the dis- 
continuance of the salicylate has been followed after 
a few days by a further rise of temperature.’ When 
the hormone preparations were still scarce the doses 
employed were small and the courses of treatment 
were short. There is no doubt that many of the 
rebounds then observed occurred in incompletely 
treated cases. It was hoped that when adequate 
treatment was given the rebound would not occur, 
but this has not proved to be so. 

It is difficult to know how frequent are rebounds, 
for the reported series of cases vary considerably 
with regard to composition and management. 
Kelley (1952) reported nine rebounds in 18 children 
treated with A.C.T.H. intramuscularly. Two-thirds 
of the cases reported by Rowe, McKelvey and 
Keith (1953) treated with hormones showed a 
rebound. Kelley et a/. (1953) found that out of 61 
cases treated with A.C.T.H. 24 showed a laboratory 
and 11 a clinical rebound. In the large series of 
cases studied jointly by the Medical Research 
Council and the American Council on Rheumatic 
Fever (1955) just over a quarter of the hormone- 
treated cases showed a rebound of the sedimentation 
rate. Harris, Needleman, Harris and Friedman 
(1956) reported that they found the incidence of the 
rebound to be similar in cases treated with A.C.T.H. 
and with cortisone. One-third showed a rebound 
with clinical features and one-third of the sedi- 
mentation rate alone. On the basis of these reports, 
between a quarter and two-thirds of cases of acute 
rheumatic fever treated with cortisone or A.C.T.H. 
may be expected to show a rebound, somewhat 
more than half of these being laboratory rebounds. 

The incidence of the rebound in the salicylate- 
treated cases is even more uncertain. Massel! (1950, 
1953) described the rebound in salicylate-treated 
cases as ‘an occasionally observed phenomenon. 
Done, Ely, Ainger, Seely and Kelley (1955) reported 
on 21 children treated with salicylates in varying 
amounts and for varying periods of time but until 
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the sedimentation rate had been normal for at 
least a week. Eight of these cases showed a rebound. 
Warren, Higley and Coombs (1946) said that 
approximately 40% of their cases treated with small 
doses of salicylates showed a rebound compared 
with about 60% of the cases given large doses. In 
the study by the Medical Research Council and the 
American Council on Rheumatic Fever (1955) only 
2:8% of the salicylate-treated cases showed a 
rebound of the sedimentation rate compared with 
25% of the cortisone- and 26-6% of the A.C.T.H.- 
treated cases. Rebounds of temperature occurred 
in 14.3°%% of the cortisone-treated cases compared 
with 5-9% of the A.C.T.H.- and 4:2% of 
the aspirin-treated cases. The higher percentage 
in the cortisone-treated case appears to be due 
to an appreciably lower incidence of fever at 
the time of stopping therapy than in the other 
groups. A number of the hormone-treated cases 
had a rebound of the sedimentation rate and not 
of the temperature, while some of the salicylate- 
treated cases had a rebound of temperature without 
elevation of the sedimentation rate. These results 
suggest that relatively low doses of salicylates may 
be associated with a low incidence of the rebound. 
This is not supported by the finding of Warren 
et al. (1946) that approximately 40% of their cases 
treated with salicylates in low doses showed a 
rebound and the fact that earlier writers such as 
Still (1927), who gave sodium bicarbonate with 
salicylates thereby greatly reducing the blood 
salicylate level, apparently witnessed the rebound 
phenomenon quite frequently. Two sections of the 
joint Anglo-American study have been reported 
separately and the salicylate-treated cases in these 
groups showed a considerably higher incidence of 
rebound than in the joint report. Rowe et al. (1953) 
said that in the salicylate group ‘slightly over a third 
had a rebound of the sedimentation rate’. Houser, 
Clark and Stolzer (1954) reported the numbers of 
cases in the three treatment groups showing a 
rebound within three weeks of stopping therapy. 
Fifty-one of 61 cases treated with aspirin showed a 
rebound as compared with 38 of 42 given A.C.T.H. 
and 43 of 45 given cortisone. This is only a very 
slightly lower incidence in the salicylate group than 
in the hormone groups. 


Duration 
Most writers have suggested that the rebound is 
necessarily of short duration and that extension 
beyond this period warrants further therapy. Keith 
and Neill (1951) suggested that the duration of the 
teboun| in hormone-treated cases was such that it 
brought the total span of the increased sedimentation 


rate to approximately the same duration as was 
observed in children treated with salicylates. 
According to Bunim, Kuttner, Baldwin and McEwen 
(1952), the rebound usually subsides within 20 days. 
Massell (1950), writing about rebounds in salicylate- 
treated cases, said that the fever subsided in three or 
four days. Dorfman, Smull, Bergenstal, Howard, 
Muller, Oleson and Senz (1951) found the intensity 
and duration of the rebound to be highly variable. 
Massell (1954) described two groups of cases, in the 
first of which the rebound subsided within a few 
days to a week, while in the other group the mani- 
festations continued for weeks or months. Harris 
et al. (1956) wrote that ‘rebound phenomena 
generally began within a week of the termination of 
the course of hormone treatment, rose to a peak of 
severity within another week and then in the great 
majority of instances declined and disappeared 
spontaneously’. 


Aetiology 

Several hypotheses have been put forward to 
account for the rebound phenomenon. Bywaters 
and Dixon (1952) suggested that the rebound 
represented the period of inhibition of the pituitary- 
adrenal system caused by exogenous hormones. 
Kroop (1954) also thought that relative adrenal 
insufficiency was the cause of the rebound. This 
theory does not explain the occurrence of the 
rebound in salicylate-treated cases. McEwen (1954) 
criticized this hypothesis and reported a failure to 
find changes in the excretion of steroids at the time 
of the rebound. 

Another suggestion is that the action of both 
salicylates and the hormones is purely suppressive. 
This has been examined and criticized by Fischel 
et al. (1952). If this hypothesis were correct then 
the shorter the duration of therapy the higher would 
be the incidence of the rebound, the greater its 
severity, and the longer its duration. There is no 
evidence of the truth of this hypothesis. Another 
argument against this hypothesis is that if it were 
correct the interval between stopping therapy and 
the appearance of the rebound would be fairly 
constant for a given form of treatment as it would 
correspond to the time required for the particular 
drug to be eliminated from the body, but this is not 
observed. A third suggestion is that the drugs, in 
addition to any suppressive action, also influence 
the inflammatory response of the host. This view 
is supported by Fischel et a/. (1952). The rebound 
is thus presented as the residues of rheumatic activity 
which in most cases quickly subsides. If this 
hypothesis is applied to the large series of cases 
reported by the Medical Research Council and the 
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American Council on Rheumatic Fever (1955), in 
which approximately a quarter of the hormone- 
treated cases showed a rebound of the sedimentation 
rate as compared with about 3% of the aspirin- 
treated group, it would appear that aspirin had been 
more effective than the hormones in shortening the 
course of the disease. This is a conclusion which 
many would be unwilling to accept. 


Management 

If the theories as to the cause of the rebound lead 
to unsatisfactory conclusions the recommendations 
as to management are even more contradictory. 
McEwen (1955) stated ‘its (the rebound’s) recogni- 
tion is of practical importance because it is not an 
indication for further treatment’. On the other 
hand, Barnes, Smith, Slocumb, Polley and Hench 
(1951) wrote: ‘We are convinced now that these 
flares of the disease could and should have been 
prevented.’ Stollerman (1953) said: ‘If a “relapse” 
or a “rebound”’ of clinical or laboratory evidence 
appears treatment should be reinstituted for at least 
an additional six weeks or longer.’ It seems likely 
that most workers give further treatment if the 
rebound persists for longer than a specified period 
or if the rebound includes clinical features of 
appreciable intensity. Massell (1950) and McEwen 
(1954) suggested giving small doses of salicylates for 
a short time after the end of the main course of 
treatment to reduce the incidence of the rebound. 
Graham (1955) felt that salicylates were more suit- 
able than hormones for the control of the rebound. 

The uncertainty about the nature and treatment 
of the rebound prompted the study of a number of 
cases of rheumatic fever which is reported below. 


Present Study 

Material. Between January, 1949, and December, 
1955, 110 children were admitted to the Sheffield 
Children’s Hospital under the care of Professor 
R. S. Illingworth, all of them satisfying the diagnostic 
criteria (Table 1) of Jones (1944). 

Eighteen cases formed a small portion of the joint 
study organized by the Medical Research Council 
and the American Council on Rheumatic Fever 
(1955). Four received A.C.T.H., seven cortisone 
and seven aspirin. The doses of the drugs were as 
stated in the report and the duration of treatment 
in all cases was six weeks. The remaining cases were 
in investigations carried out in the Department of 
Child Health of the University of Sheffield and have 
been reported elsewhere (Illingworth et al., 1954; 
Holt, Illingworth, Lorber, Rendle-Short and Gibson, 
1954). Others will be reported shortly. Ten 
children were given salicylates in low doses and 
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55 children received high doses of salicylates. Two 
children were given cortisone alone, eighi had 
cortisone and low doses of salicylates together. and 
17 received cortisone and high doses of salicy iates, 
When salicylates were used in high doses the dose 
was adjusted to maintain a serum salicylate level of 
30 to 40 mg. per 100 ml. Salicylates in low doses 
consisted of 5 gr. four times a day to children weighing 
less than 50 Ib. and 10 gr. three times a day to children 
over 50 Ib. Cortisone was given by mouth in the 
following dosage: 200 mg. per day for four days, 
100 mg. per day for the remainder of the first three 
weeks, 75 mg. per day for the next two weeks and 
50 mg. per day thereafter until the end of treatment. 
The treatment in these cases was continued until 
there was no clinical evidence of activity and the 
sedimentation rate had been normal for three 
consecutive weekly readings or for a maximum 
period of three months. In the 18 cases in the joint 
study the sedimentation rate was determined by the 
Wintrobe method and a reading of over 20 mm. in 
one hour (uncorrected) was considered to be 
abnormal. In the other cases the sedimentation rate 
was determined by the micro Westergren technique 
and the normal uncorrected reading was considered 
to be 10 mm. in one hour or less. Throat swabs 
were taken initially and shortly after the completion 
of therapy as a routine and at any other time if 
indicated clinically. 
Observations 


A rebound phenomenon was considered to have 
occurred if within four weeks of stopping treatment 
there were any clinical symptoms or signs suggesting 
activity or if the sedimentation rate became raised 
again whien at the time of stopping treatment these 
features had been absent or normal. Four of the 
110 cases still showed evidence of activity when 
treatment was stopped and are not considered in the 
detailed analysis below. Seventy-two cases did not 
show a rebound whereas 34 cases did (Table 1). 

A rebound occurred in 11 out of 36 children 


TABLE 1 


NUMBER OF CASES, NATURE OF TREATMENT AND 
INCIDENCE OF REBOUND 


Total Cases Still 
Number | Active at Rebound Cases 
Form of Therapy of | End of —— = 
Cases | Therapy Sepsis Other 
High salicylates .. 55 | 1 0 22 
High salicylates and 
cortisone ah 17 0 1 6 
Cortisone or 
A.C.T.H. alone 13 2 3 0 
Low salicylates and 
cortisone ie 8 0 0 | 
Low salicylates .. 17 1 0 I 
Totals .. ..j 110 4 4 30 
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receiving hormones (30-6%), and in 23 out of 70 
children not receiving hormones (33%). On the 
other hand the dosage of salicylates in children not 
receiving hormones bore a strong relationship to the 
frequency of the rebound phenomenon. There was 
a rebound in 22 out of 54 cases (40-7%) receiving 
high doses, as compared with one out of 16 cases 
(6:2°%) receiving salicylates in low dosage. 

In Fig. | are shown the nature and the time of 
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Fic. 1.—Type of rebound selected to time of onset. 


onset of the rebound. Twenty cases showed eleva- 
tion of the sedimentation rate alone, seven cases 
also had a raised temperature, and seven had joint 
pains, one of whom showed a transient pericardial 
friction rub. Twenty-six of the 34 rebounds 
occurred within two weeks of stopping treatment. 
Severe rebounds occurred no sooner after discon- 
tinuance of treatment than mild ones. The nature 
of the treatment did not appear to affect the time of 
onset of the rebound or its character. 


Sepsis 

In four of the 34 children exhibiting a rebound 
there was a sufficiently severe septic lesion to account 
for it. The rebound settled when the sepsis cleared. 
One o! these children had a paronychia, one an 
Injection abscess, and two had a dental abscess. 
All fo.; had had hormone therapy. In three of 
these «nly the sedimentation rate rose after dis- 
contir xnce of specific treatment. In the fourth case 
there »-as a rise of the sedimentation rate together 
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with a raised temperature. It was not possible from 
the nature or the time of onset of the rebound to 
distinguish these four cases associated with sepsis 
from the remaining 30 cases of apparently true 
rheumatic rebounds. 


Streptococci 

When it had been observed that a number of the 
rebounds were associated with sepsis a thorough 
search was made for other possible infective factors. 
It was then found that more of these children, as 
compared with those not exhibiting a rebound, had 
throat swabs positive for 8 haemolytic streptococci 
in the immediate post-treatment period (Table 2). 


TABLE 2 


NUMBER OF CASES WITH THROAT SWABS POSITIVE FOR 
B HAEMOLYTIC STREPTOCOCCI AT END OF THERAPY 


| 
HL Streptococcus H. Streptococcus | Not 


Group Present | Absent | Known 
No Rebound | 4 55 13 
15 6 


| 


Rebound . | 9 


In the rebound group nine children had positive 
cultures, 15 children had negative cultures and in 
six children the results were not known. In the 
group without a rebound four children had positive 
cultures, 55 had negative cultures and in 13 children 
the results were not known. The difference is of 
statistical significance. When the x” test is applied, 
using Yates’ modification for small numbers and 
using the numbers of cases where the result of the 
cultures is known in the two groups, it is found 
that x? = 7-6 and p = <0-01. 

None of these children had symptoms or signs of 
a throat infection, but it appears that pathogenic 
streptococci in the throat may be associated with 
the rebound phenomenon. As six of the nine cases 
with positive cultures were known to have had 
negative throat cultures during the treatment period, 
it is possible that the streptococci were acquired 
from ward cross-infection. 


Sex and Age 
It was found to be convenient to study the cases 
in two groups, those aged under 10 years and those 
aged 10 to 14 years. In Table 3 are shown the 


TABLE 3 
NUMBER OF CASES IN RELATION TO AGE AND SEX 
| Boys Girls 
Group 4-9 years 10-14 years 4-9 years 10-14 years 
No rebound) 18 22 21 11 
(34-4%) 
Rebound | 7 8 11 
| (73-3%) 
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number of cases in each age and sex group who had 
a rebound. The proportion of teenage girls in the 
rebound group (73-3%) is more than twice that in 
the group without a rebound (34:4%). This differ- 
ence is statistically significant (X2 = 4-7 and 
p = <0-05). It seems possible therefore that 
teenage girls are particularly liable to show a 
recrudescence of the disease following the cessation 
of treatment. Eight of the 11 girls in this group 
showed clinical features in addition to elevation of 
the sedimentation rate. One of the girls was 
menstruating at the time but this did not appear to 
be related to the rebound. 


Duration of Illness 


Another factor thought to increase the incidence 
of the rebound was a relatively long duration of 
illness before treatment. The cases were divided 
into two groups—those with a history of five weeks 
or less and those in which the illness had been 
present for between six and 12 weeks before treat- 
ment. The numbers of cases in these two groups 
is shown in Table 4. The proportion of cases of 


TABLE 4 
NUMBER OF CASES IN RELATION TO DURATION OF 
ILLNESS 


Duration of Illness 


Group 0-5 weeks 6-12 weeks 
No rebound... | 57 15 (20-8%) 
Rebound = 17 13 (43-3%) 


long duration in the rebound group (43-3 %) is more 
than twice that in the group without a rebound 
(20-8%). This difference is statistically significant 
(x2 = 5-38, p <0-05). 

These three factors, 8 haemolytic streptococci in 
the throat, early adolescence and an illness of long 
duration, inevitably overlapped, so that in one-third 
of the cases more than one of the three factors was 
present. One or more of these factors was present 
in 24 of the 30 rebound cases, but no explanation 
could be found in the remaining cases. There did 
not seem to be any relationship between the cause 
of the rebound and its nature and time of onset. 


Clinical Features 


The incidence of the various clinical features of 
rheumatic fever at the start of treatment was com- 
pared in the rebound group and in the group 
without a rebound (Fig. 2). The only statistically 
significant difference is the lower incidence of 
arthritis in the rebound group. The observed 


difference between the percentages in the two g'oups 
is greater than twice the standard error of the 
differences. Arthritis is a relatively short-lived 
manifestation of rheumatic fever and is less com- 
monly observed in cases with a long history. There 
is a greater number of cases of long duration in the 
rebound group and this may account for the lower 
incidence of arthritis. 


No. of 

Cases 
16 
ARTHRITIS 
CARDITIS 
CHOREA 4 
NODULES — 
ERYTH, MARG. 
PREV. ATTACK 


QO 20 40 60 680 100 
Percentage of Cases 
MMM Reboundcases [J No rebound cases 


Fic. 2.—Incidence of clinical features. 


Duration of Therapy 

In Table 5 is depicted the duration of treatment 
in the rebound and no-rebound groups. Seventeen 
of the rebound cases (56-7 °%) required treatment for 
seven weeks or more, a considerably higher propor- 
tion of the cases than in the other group where 
27 cases (37:5%) received treatment for long 
periods. This difference is not due to any difference 
in the forms of treatment employed in the two 
groups. If a single treatment group is considered, 
such as the one receiving salicylates in high dosage, 
the same differences occurred. In the 54 children 
receiving salicylates in high dosage 22 showed a 
rebound and of these 14 (63:6°%) had been treated 


TABLE 5 
NUMBER OF CASES IN RELATION TO DURATION OF 
THERAPY 


Duration of Therapy 


Group Up to 6 weeks | Over 7 weeks 
No rebound .. 45 27 (37°5%) 
Rebound oe 13 17 (56°7%) 
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TABLE 6 
TREATMENT OF REBOUND AND SECOND REBOUNDS 
| 
| Possible Cause 
Features of Rebound Number Number Second Sepsis Haemolytic Teenage | Other 
of Cases Retreated | Rebound Streptococci Girl 
ES.R. alone 17 2 1 0 1 0 0 
E.S.R. and clinical features he a 13 10 6 1 1 3 1 
All second rebounds were of E.S.R. alone. 
All second courses of treatment were the same as the original courses. 
for seven weeks or longer. Of the 32 children not Discussion 


showing a rebound 15 (46-9%) had been treated for 
long periods. It appears that the factors tending 
to produce the rebound also tend to prolong the 
duration of therapy. 


Progress of the Rebound Cases 


Of the 30 true rheumatic rebound cases, 18 settled 
spontaneously but 12 cases, two with elevation of the 
sedimentation rate alone and 10 with clinical 
features, required a second course of therapy, either 
because the criteria of Jones (1944) were satisfied 
again or because the rebound persisted for more 
than two weeks (Table 6). The second course of 
treatment was identical with the original course and 
was continued until there were no clinical signs of 
activity and the sedimentation rate had been normal 
again for three consecutive weekly readings. Of the 
12 cases retreated, seven had a second rebound of 
the sedimentation rate alone. One was associated 
with sepsis, a dental abscess developing in a child 
receiving cortisone; in two 6 haemolytic strepto- 
cocci appeared in the throat and three of the other 
four second rebounds occurred in teenage girls. 

An attempt was made to evaluate the effect of 
the rebound upon the long term prognosis. In 
Table 7 is shown the incidence of subsequent attacks 


TABLE 7 
PROGNOSIS 
No rebound | Rebound 
Total number of cases .. 72 | 30 
Subsequent attacks 7 (9:7%) 4 (13-3%) 


Heart damage 


15 (20°8%) | 6 (20-0%) 


of rheumatic fever and of permanent heart damage 
in the two groups. There is no appreciable differ- 
ence in the incidence of these two features in the two 
groups, and it appears, therefore, that the occurrence 
of the rebound does not necessarily indicate a more 
Seriol's prognosis. The mean duration of follow-up 
in the rebound group is 2:26 years as compared 
with “23 years in the group without a rebound. 


In this study the rebound phenomenon occurred 
in cases of rheumatic fever treated with hormone 
preparations in no greater frequency than in cases 
treated with salicylates. Septic lesions appeared to 
play an important part in the production of the 
rebound in the hormone-treated group. After 38 
courses of hormone therapy (36 initial and two 
second courses) sepsis was seen five times, in 13% 
of courses of treatment. Dental abscesses accounted 
for three of these five instances. It is well known 
that the use of cortisone and A.C.T.H. may be 
followed by the development of septic lesions and 
that these may develop insidiously and be difficult 
to detect because of the hosts’ altered inflammatory 
response. It is surprising, considering the numbers 
of cases of rheumatic fever that are treated with 
hormones, that more comment has not been made 
on this point. Possibly Massell, Warren, Sturgis, 
Hall and Craige (1950) were considering sepsis when 
they wrote in reference to the rebound following 
A.C.T.H., that ‘a few cases of fever in which other 
factors may have played a role are omitted from the 
discussion’. Bro@chner-Mortensen (1952) reported 
that after treatment for some length of time six of 
their 18 patients showed various septic complica- 
tions; four had a urinary infection, two had 
adenitis and one showed suppuration of an old 
wound. Hecht, Shelden, Nolke, Hofstra and West 
(1956) reported 122 cases treated with hormones and 
wrote that although they were alert to the possibility 
of masked infection, none was found. Two of the 
hormone-treated cases with septic lesions reported 
in the present study were in the joint U.S.-U.K. 
investigation. This is not mentioned in the pub- 
lished report of the Medical Research Council and 
the American Council on Rheumatic Fever (1955) 
but it would seem possible that some of the relatively 
large numbers of rebounds in that study were due to 
masked infection. In any child with rheumatic fever 
treated with hormones and developing a rebound the 
possibility of a masked infection should be considered. 

That rheumatic fever follows a 8 haemolytic 
streptococcal infection is generally accepted and 
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Catanzaro, Stetson, Morris, Chamovitz, Rammel- 
kamp, Stolzer and Perry (1954) have shown that 
the important element is the presence in the throat 
and nasopharynx of living streptococci for several 
days. It is also generally accepted that pathogenic 
streptococci can invade the upper respiratory tract 
and there survive and multiply for long periods 
without apparently producing any marked local or 
general response in the host. It is not surprising, 
therefore, that some cases of rebound are related 
to the presence of streptococci in the throat. Ziegra 
and Kuttner (1951) found that a number of cases 
of rebound showed a rise of the anti-streptolysin 
O titre. It is said that none of these cases had 
intercurrent streptococcal infections but the evidence 
for this statement is not given. Unless cultures were 
taken on all cases, it may be that some were harbour- 
ing streptococci without showing clinical symptoms. 
Greenman, Weigand, Mateer and Danowski (1955), 
however, reported that 16 of 53 patients acquired 
8 haemolytic streptococci during their period in 
hospital and that none of these had a recrudescence 
of activity. In the present study pathogenic strepto- 
cocci were associated with the rebound on 11 
occasions (nine initial and two second rebounds). 
Four of these, which occurred early in the series, 
had not received antibiotic prophylaxis. In the 
other seven children oral penicillin was given 
routinely as a prophylactic measure but only one 
child received penicillin intramuscularly at the 
beginning. It is possible that the streptococci were 
never properly eliminated in these cases. A point 
against the suggestion that the streptococci persisted 
from the original infection is that negative cultures 
had been obtained earlier in seven of the 11 cases. 
This may have been due to a difficulty in isolating 
the organism which demands specialized techniques 
(Catanzaro et al. (1954). For practical purposes, 
however, both aspects must be emphasized: strepto- 
cocci must be eliminated initially by adequate doses 
of penicillin intramuscularly and reinfection reduced 
as much as possible by the continued exhibition of 
oral penicillin. If the child with rheumatic fever is 
admitted to a hospital dealing with acute admissions 
the risk of cross infection will be high and it is 
probably advisable to give, during this period, larger 
doses of oral penicillin than are commonly em- 
ployed. Greenman eft al. (1955) suggested that 
cortisone reduced their patients’ ability to ward off 
infections and that larger amounts of penicillin were 
needed for prophylaxis. Much can be achieved by 
the careful placing of the patient well away from 
any others with streptococcal infections in the ward. 
Before the advent of chemoprophylaxis Duckett 
Jones (1943) wrote as follows: 


ARCHIVES OF DISEASE IN CHILDHOOD 


“It is advisable that as soon as the patien: has 
recovered sufficiently he be moved to an atmosyhere 
where he is exposed less frequently to infec.ion, 
especially of the respiratory tract.’ 


For some time now it has been our impression 
that the ‘older’ girls responded less readily to treat- 
ment and showed recrudescences of activity more 
frequently than the other children. This difference 
is borne out by the present investigation. Stuart- 
Harris (1956) has suggested that the response of 
teenage girls resembles that seen in adult patients. 

It is difficult to understand why a relapse is more 
likely in children who have been ill for a longer time 
than others before treatment is begun. Dorfman 
et al. (1951) found that the rebound was more severe 
in patients with chronic active disease, whilst 
Greenman et al. (1955) found that the rebound was 
much more frequent in those cases with a history 
of more than six weeks than in those of shorter 
duration. 

It follows from the above remarks that when a 
rebound occurs a septic focus should be sought, and 
the nose and throat swabbed for haemolytic strepto- 
cocci. If the rebound lasts for more than about a 
fortnight, it seems likely that a further course of 
treatment should be given, especially in an adole- 
scent girl. We do not as yet know for certain how 
much harm the rebound does, if any, but it would 
seem reasonable to check rheumatic activity in the 
hope that cardiac damage would be reduced. 

The high incidence of rebounds in children treated 
with salicylates in high dosage as compared with 
that of children treated with low dosage is of special 
interest. It is only in part accounted for by a higher 
incidence of haemolytic streptococci in the throat, 
as shown by throat swabs, in the group treated with 
salicylates in high dosage, and by a slightly greater 
proportion of adolescent girls similarly treated. It 
is possible that salicylates in low dosage are less 
effective in treatment than in higher dosage. 


Summary 


One hundred and ten children with acute rheu- 
matic fever completed their treatment and 34 were 
found to show a rebound within four weeks of 
stopping treatment. Twenty had elevations of the 
sedimentation rate alone while 14 showed clinical 
features as well. 

There were no more rebounds in children treated 
with hormones than there were in those treated with 
salicylates, but there were more rebounds in those 
treated with salicylates in high dosage than there 
were when a low dosage was used. 

It was shown that the incidence of reboun:s was 
related to four factors: (1) The presence of septic 
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lesions in hormone-treated cases; (2) the presence of 
8 haemolytic streptococci in the throat; (3) early 
adolescence in girls; (4) a long illness before 
institution of treatment. These factors were present 
in 28 of the 34 cases. In the remaining children 
there were no known related factors. 


Professor R. S. Illingworth indicated the importance 
of a study of the rebound phenomenon and throughout 
has encouraged and criticized the work most generously. 
Drs. J. L. Emery, J. Lorber and T. J. Rendle-Short have 
given helpful advice and criticism during the preparation 
of this paper. 

Dr. G. H. Jowett, Ph.D., and Miss Wendy M. Gibson, 
B.A., rendered valuable statistical assistance. 


Addendum 


Since this paper was written another case treated with 
cortisone has developed a rebound due to dental sepsis. 
We are so impressed by the importance of dental infection 
in these children that in future all children with rheumatic 
fever will have a routine dental examination. 
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PHENYLALANINE-RESTRICTED DIETS IN THE 
TREATMENT OF PHENYLKETONURIA 


BY 


J. D. BLAINEY and R. GULLIFORD 


From the Departments of Experimental Pathology and Education, University of Birmingham, and the Metabolic 
Research Unit, Little Bromwich Hospital, Birmingham 


(RECEIVED FOR PUBLICATION JULY 18, 1956) 


Phenylalanine restriction has been used in the 
treatment of the metabolic and mental disorders of 
phenylketonuria with conflicting results. Bickel, 
Gerrard and Hickmans (1953) reported the first 
successful treatment of a child aged 34 who was 
observed for 12 months in hospital and at home. 
The biochemical abnormality of phenylpyruvic acid 
in the urine was corrected in this patient, but 
evidence of prolonged biochemical normality was 
not given, and, although the improvement in her 
mental condition was promising, prolonged psycho- 
logical tests were not done. Woolf, Griffiths and 
Moncrieff (1955) reported studies of three further 
children for six to nine months, in whom satis- 
factory mental and biochemical improvements were 
found. Less conclusive advance in the mental state 
was observed by Armstrong and Tyler (1955) despite 
apparently normal biochemistry in the serum and 
urine in five children aged 9 months to 44 years. 
Confusion also persists regarding the longer-term 
effects of phenylalanine restriction on the physical, 
biochemical and mental states of these children and 
adequate criteria of control and assessment have 
not been clearly defined. Some workers have used 
synthetic diets with pure amino-acids; others have 
given casein hydrolysates low in phenylalanine as 
the source of nitrogen. The ages of the children 
treated have varied considerably, and the initial 
degree of mental defect has not always been clearly 
described. 

It is the purpose of the present paper to confirm 
that apparent biochemical normality can be obtained, 
with normal growth and physical development for 
long periods, using diets very severely limited in 
phenylalanine, and to assess critically the mental 
progress attained in a group of six children treated 
for up to three years with such diets. 


Dietary Control 
The preliminary studies in one child (Sheila) were 
reported by Bickel et a/. in 1953; this child has since 
remained at home on the diet with frequent hospital 
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visits. More accurate control of the diet has been 
achieved in the Metabolic Research Unit for long periods 
in two children, Michael and Robin. In these children 
weight was measured daily and frequent determinations 
of plasma and urine phenylalanine were carried out by 
microbiological assay (Henderson and Snell, 1948). The 
urine and stools were collected over 24 to 48-hour periods 
on a specially designed metabolic bed (Blainey, 1956). 
These specimens were analysed for total nitrogen by the 
micro-Kjeldahl method and the nitrogen intake was 
checked by digestion and Kjeldahl analysis of diets. 
Urine creatinine was determined as a rough check on 
the completeness of the collections of urine. 

The dietary intake was unchanged throughout apart 
from variations designed to observe the effect of changes 
in calory, carbohydrate and phenylalanine intakes. The 
main source of nitrogen in the diet has been a casein 
hydrolysate low in phenylalanine,* from which tyrosine, 
cystine and tryptophane have also been largely removed 
during manufacture. The casein has been given in a 
blancmange of the following composition: 


w 


L-tyrosine 

L-cystine 
L-tryptophane 
Salt-free margarine .. 

Cane sugar... 

Gluten-free starch .. 
Water to make up to 600 ml. 


Phenylalanine-low hydrolysate 


oo 


This quantity was given to the in-patients daily, in three 
feeds, the starch and sugar helping to disguise the bitter 
taste of the hydrolysate. In addition, they received 
orange juice with 30 g. sugar at 10 a.m. and 100 g. of 
mashed vegetables (excluding potatoes, owing to their 
high protein content) with 15 g. fat, and 100 g. apple, 
banana or other fruit purée with sugar was given al 
lunch time. A mineral mixture, containing essential 
vitamins was given in the main feeds, similar to that used 
by Woolf et al. (1955). The same diet was advised for 
the out-patients, the amount of casein hydrolysate and 
carbohydrate being varied to give equivalent amounts 
per kg. body weight for each child. The children were 
weighed and examined monthly when blood was drawn 
for haemoglobin and phenylalanine estimations. A 


* Manufactured by Allen and Hanbury, Ltd., Ware. In —. 
a daily supplement containing phenylalanine, usually in the form 0 
milk, was given as indicated in each case report below. 
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sample of urine was tested with ferric chloride for 
phenylpyruvic acid and by paper chromatography for 
phenylalanine and other amino-acids. The urine was 
also examined for tryptophane derivatives by a modifica- 
tion (Leyton, 1956) of the method of Dalgliesh (1955). 


Mental Testing 

All the testing was carried out by one of us (R.G.). 
Several tests have been required in order to cover the 
range of mental ability from 5 months to 6 years. One 
child has been tested annually on the new revised 
Stanford-Binet scale (Terman and Merrill, 1937). The 
main difficulty has been the comparable measurement of 
mental ages below 2 years. The Griffiths method of 
testing the abilities of babies (1954) is the most satis- 
factory for this purpose, but was not available until 
much of this work was completed. Assessments were 
also made with the Buehler tests (Buehler and Hetzer, 
1935), with Gesell’s developmental schedules (Gesell 
and Amatruda, 1941) and with the Vineland social 
maturity scale (Doll, 1935). 

The Buehler tests were found useful since the test 
materials, e.g., bells, rattles, tops, etc., are attractive to 
mentally retarded children, but the system has several 
drawbacks, notably the lack of speech items, and tends to 
over-estimate development in this type of case. The Gesell 
developmental schedules are valuable for observation and 
assessment of progress, but have the disadvantage that 
the results are not easily expressed in mental ages and 
quotients. The Griffiths scale has a greater variety of 
attractive test material and has been well standardized 
on normal English children below 2 years of age. It 
affords a profile of development with five subscales 
(locomotor, personal-social, speech and hearing, eye 
and hand, performance). Mental ages and quotients 
are obtained for each subscale separately and also for the 
full scale. Testing at intervals, the gain in mental age 
for that period can be expressed as a progress rate equal to 


Gain in weeks of mental age = 100 
No. of weeks between tests 


Since 1955, the Griffiths scales have been used for the 
three-monthly assessment of mental ages of the children 
on diets and a roughly comparable figure for mental ages 
between times and in different patients has thus been 
obtained. A cine-film record has been made of the 
progress in Michael which has been most valuable in 
recording progress in aspects of behaviour that are 
difficult to test formally. 


Case Reports 

Case 1. Michael, born on March 31, 1952, the first 
child of healthy parents, was regarded as normal until 
12 months, when feeding became difficult and he would 
hot sit up. At 18 months he was referred to hospital with 
feeding difficulties and attacks of screaming, limb stiffness 
and loss of consciousness. The child was reported as 
backward and no specific diagnosis was made. As these 
attacks were still present six months later and feeding 
was increasingly difficult, he was admitted to Chelmsley 
Hospital, Birmingham, as a certified mental defective. 
The diagnosis of phenylketonuria was established, and 


after a short period of re-feeding, he was transferred to 
the Metabolic Unit, Little Bromwich Hospital, on 
December 7, 1954. He was fair haired, considerably 
underweight and behaved like an infant of 6 months. 
He seemed happy, responded with smiles to visitors, and 
lay much of the time rubbing his hands or face in 
repetitive mannerisms. He could not sit up unaided ; when 
placed prone, he was quite helpless and made no crawling 
movements. On examination, his teeth were abnormal, 
grey, and ground down almost to the alveolar margin 
(Fig. 1). The leg muscles were poorly developed but 


Fic. 1.—Photograph of Michael to show the 
eroded and broken teeth. In the upper jaw, 
several are worn to the alveolar margin. 


he seemed otherwise normal. Phenylpyruvic acid was 
present in large amounts in the urine, the daily phenyl- 
alanine output was greatly raised, and plasma 
phenylalanine was 42 mg./100 ml. (Fig. 2). Haemoglobin 
was 11:6 g./100 ml., r.b.c. 4,300,000/c.mm.; p.c.v. 36%; 
m.c.v. 82 cu.u; plasma proteins 7-0 g./100 ml., with a 
normal electrophoretic pattern. Radiographs of the 
skull and wrists showed no abnormality, with a bone 
age consistent with chronological age (Acheson, Kemp 
and Parfit, 1955). 

Shortly after admission he developed broncho- 
pneumonia, which was successfully treated with penicillin. 
He also developed a mild dysentery due to Giardia lamblia 
and Shigella sonnei infection which responded to treat- 
ment. During the following four weeks on normal diet 
he gained 2-3 kg. in weight, and was in positive nitrogen 
balance (Fig. 2). Urine phenylalanine and phenylpyruvic 
acid remained unaltered; there was a mild generalized 
amino-acidura and excess tryptophane derivatives were 
found on paper chromatography (Table 1). Phenyl- 
alanine restriction was started on January 23, 1955, at 
first without a milk supplement, when the weight fell. 
One hundred millilitres of milk daily was insufficient to 
permit gain in weight, so the amount was increased to 
150 ml. per day (total phenylalanine intake 250-270 mg./ 
day). Blood and urine chemistry reverted rapidly to 
normal on this diet, and remained normal, with a 
considerably greater gain in weight than expected for 
his age during the next three months. 
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EXCRETION OF URINARY AROMATIC COMPOUNDS (PAPER CHROMATOGRAPHY) IN MICHAEL 
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Indole acetic acid 
50H indole acetic acid 
Indole lactic acid 


Kynurenin 
“Blue spot’ 
Indican 
Tryptophane 
Tryptamine 


Phenylalanine 


Phenylpyruvic 


10.! 


Trace 


NITROGEN EXCRETION AND BALANCE IN MICHAEL 


Nitrogen (g./day) 


Phenylalanine 
(mg./day) 


March 7 


21 
April 4-6 
18 


May 


June 5 


July 3 


Nov. 6 


Feb. 22 
March 26 


April 5 
May 4 


June 1 
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TABLE | 
Tl 
to 1 
| | | | | thou 
| 3.1.55 1.3.55 15.3.55 3.6.55 | 29.10.55 | 27.11.55 Ml 56 the 
++++ | ++ | + + ++ | +++ 
++ ++++ | Trace Trace 
acid +++ — — — — | — NIT 
| | BAl 
TABLE 2 
we 
PH 
| Volume Creatinine Total Intake Balance 
(ml.) (mg./day) Urine Stool (g./day) (g./day) (g./day) 
1955 | 
18 370 } 114 
Feb. 15 390 82 4-1 
20 «| (465 170 
462 85 ul 
8 | 435 108 3:5 
15 200 92 ae 
330 156 3-3 
645 135 11-0 
238 103 8-6 
25 455 220 ae 
270 156 Fic 
8 410 230 20-0 
16 red 
i7} 435 202 A Ni 
22 580 | 267 30-0 
30 380 177 
480 | 257 38-0 
13, | 830 120 68-0 
24 760 148 | sea 0 
26 | 600 190 34-0 th 
500 121 pk 
550 130 37-0 
24 410 180 7°5 I 
31 520 162 - p 
' Sept. 13 650 154 | 8-1 ne 
Oct. 3 440 7-9 T 
10 360 172 3-0 
16 374 129 — 
29 420 _ 4 
460 159 | 8 
520 113 4 
27 $20 121 
Dec. 11 440 109 
19 440 130 
28 280 128 
1956 
Jan. 4 300 — | | 2 
10 | 
790 122 7 
19 280 153 
330 220 
29 285 120 1 
275 155 3 
300 104 5 
| 220 87 2 
410 159 8 
$20 214 
10 215 167 2 
17 235 155 15 
25 | 168 100 
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The intake of 1,440 calories per day was then reduced __ realized, although weight loss suggested an inadequate 
to 1,220 cal./day by reduction of cane sugar, as it was calory intake. The latter was therefore increased to the 
a thought that fat gain was excessive. About a week later _ previous level, with a rapid return of the plasma and urine 


1.56 the child was quieter, less active and responsive, and chemistry to normal, and with an increase in the child’s 
sens interest in his surroundings. This 
MW. BORN 31-3-1952 effect of calory restriction was again 
ai INTAKE. — observed when the diet was held 
constant with rising body weight. 

9 


10 to 95 cal./kg./day, the biochemical 

— abnormalities again appeared. On 
the third occasion, the calory intake 
— =" | lll i! was reduced by a decrease in the fat 
(gyé0y) intake, and on this occasion neither 

15 physical nor mental slowing nor 
biochemical abnormality was 

WEIGHT kg. oie observed although the weight re- 
PHENYL- mained stationary. The diet was 


ALANINE 40 then returned to a level of 110 
on 20 cal./kg./day, with high carbohydrate 


tay) PLASMA intake. The detailed nitrogen balance 
fe) figures are given in Table 2. During 
60 the whole period the child gained 
oil weight and height at normal or 
| increased rates (Fig. 5). Haemo- 
iia 20 globin concentration, initially low, 
5 mg/day ae rose to normal levels after four 
t t months’ treatment and remained at 
JAN. JUN. sn. ‘a normal value throughout the 15 
1955 1956 months. 
) Fic. 2.—Chart showing dietary and biochemical changes in Michael. The first and second 
reduction of calories involved carbohydrate restriction, on the third occasion fat was restricted. MENTAL CHANGES. These are 
Nitrogen intake was practically constant throughout at 4°8 g./day. Phenylpyruvic acid in the shown in Table 3 
) urine only when excretion exceeded 40 mg./day. 5 


January 17,1955. After one month 

in hospital on normal diet. Chrono- 

formal testing suggested that the rapid improvement of logical age(C.A.)2 years 10 months. Mental age (M.A.) 
the first few months was slowing. The plasma and urine 5 months. 

3 phenylalanine increased, but except at the highest peaks Michael was unable to sit unaided, and lay kicking or 

of phenylalanine excretion, the urine was free from gazing at his hands, which he constantly rubbed together, 

phenylpyruvic acid. The nitrogen balance became turning his head towards anyone approaching and 

| negative for the first time, and the weight fell slightly. | smiling. Placed in the prone position, he lay helpless and 

, The significance of these changes was not immediately howled, making neither righting nor crawling movements. 


TABLE 3 
RESULTS OF MENTAL TESTING ON GRIFFITHS SCALE IN MICHAEL 


| | 


Date m 17.1.55 | 19.4.55 | 22.7.55 21.10.55 17.1.56 17.4.56 
Chrono- | 
logical age | 
(weeks) _. 145 | 158 | 172 | 185 198 211 
| 
Mental Age | Mental _ Quotient | Mental | Quotient | Mental Quotient | Mental Quotient | M2ntal | Quotient | Mental {Quotient 
(weeks) Age | | Age Age | Age _ Age Age 
ScatsA) 18 | 13 40 25 | 45 2 29 
B23 | 16 26 17 40 23 | 44 | #+22 #| 49 25 54 
C| 25 17 28 is | (8 16 38 20 46 24 52 
D 23 16 28 18 31 | «18 43 23 46 24 50 
E| 23 | 16 30 19 35 | 20 40 21 41 21 41 
30 19 36 21 4 | 23 48 | | 82 
Prog: | | 
— Rate | 66 43 54 | 39 
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He could not support his weight in the standing position. 
He reached for objects when lying, but not when sitting, 
and his attention was very limited. 

April 19, 1955. (C.A. 3 years 1 month, M.A. 
7 months.) After three months on a restricted diet, he 
could sit without support, pivoted around in a sitting 
position, took his weight when held standing and made 
stepping movements. When placed prone, he made 
swimming movements with his legs. He manipulated 
test objects with greater skill, but could manage only 
one at a time. He showed increased awareness of his 
surroundings and enjoyed a frolic with Sister. He would 
look for keys, etc., held and then concealed by the 
examiner. The habitual movements were less con- 
spicuous. and his response to personal attention was 
more varied. 

July 22, 1955 (C.A. 3 years 4 months, M.A. 
8 months). During this three months, less improvement 
had occurred, possibly as a result of the biochemical 
abnormality caused by carbohydrate restriction. He 
could stand when grasping a rail, but could not lift himself 
up. In the prone position he could reach for things, but 
not crawl. He responded well to people and showed 
marked affection for the ward sister. The introduction 
of another child into his room for the first time caused 
obvious reactions of jealousy, Michael demanding atten- 
tion in a way that had not previously been observed. 
He made a greater variety of noises but little real progress 
in speech sounds was recorded. He was more active 
with toys, lifted a cup to seek toys placed beneath it, 
crumpled paper, and picked up and rattled small boxes. 

October 21, 1955 (C.A. 3 years 7 months, M.A. 
9-5 months). Biochemical control was again satisfactory 
and progress rate returned to that of the first three 
months. This was most marked in locomotion, as he 
could pull himself up to stand by a chair, walk with 
support and move around in a sitting position. Looking 
in a mirror produced genuine chuckles; he was more 
socially responsive and would join in games of ‘pat-a- 
cake’. He also cooperated in simple ways of dressing 
and experimented with new sounds although no words 
were recognizable. In manipulation, he had reached the 
stage of picking things up and throwing them, and had 
begun to use finger and thumb more skilfully. 

February 1, 1956 (C.A. 3 years 11 months, M.A. 
11 months). After 12 months’ treatment the most striking 
change was again in locomotion as he had learned to 
walk unaided. Other aspects were now difficult to test, 
and few new abilities had emerged, although those 
observed fleetingly in October seemed to have become 
established. He was at approximately an 11-month- 
stage of development, but did not always seem to be 
aware of being spoken to, did not react to strangers as 
such, and his interest in play articles was confined to 
throwing them about. 

April 17, 1956 (C.A. 4 years 1 month, M.A. 
12 months). Walking was more certain, he began to 
climb stairs, and would look briefly at pictures. Testing 
was again difficult as he continually cast toys, etc., on 
the floor and his attention could not be secured for long. 
Two months later, however, he was again showing 
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plogress, since he was responding in bladder and bowel 
control, and walking was fully established. 

On admission to hospital, Michael was below 6 nionths 
in mental age. He could neither sit nor crawl; he could 
grasp at rings held in his line of vision and within his 
reach. In the following 14 months, he learned to sit 
up, to stand, to walk, to respond with affection to people 
around him, to respond to toilet training and to make 
some progress in speech sounds. 


Case 2. Sheila, born on October 1, 1949, was first 
admitted to the Children’s Hospital, Birmingham, under 
the care of Professor Smellie, on September 25, 195], 
She was the third child of normal, unrelated parents, and 
had been normal at birth. She sat up at 9 months, but 
was thought to be backward. On admission (age 2) she 
was unable to sit for long, could stand with support and 
could neither walk nor talk. There were frequent head 
banging movements. She was well nourished and 
showed no abnormal physical signs. The typical 
biochemical features of phenylketonuria were present 
(Fig. 3). She was first treated on a phenylalanine-free 
diet, and later on a restricted intake, with marked 
improvement especially in awareness and in motor 
activity. These changes were reported in detail by 
Bickel et a/. (1953). The phenylalanine restriction was 
started in December, 1951, and apart from two short 
periods in hospital was continued at home until Novem- 
ber, 1955, although control was not always satisfactory. 
Plasma levels of phenylalanine were consistently above 
normal values, and the urine contained excess phenyl- 
alanine although it was generally free from phenylpyruvic 
acid. 

In April, 1955, a fourth child was born and the dietary 
control became worse at home, plasma and urine 
phenylalanine levels rose and the ferric chloride test 
became positive. In this period there was a considerable 
gain in weight, which had been stationary for much of 
1953-55, in spite of what was then regarded as an 
adequate calory and carbohydrate diet. In view of the 
difficulties of satisfactory maintenance, the diet was 
relaxed to a limited protein intake in December, 1955. 

MENTAL CHANGES. Development was not assessed 
when treatment was first started in December, 195]. 
From May, 1953, assessments were made using different 
techniques (Table 4) and showed considerable variation 
due to differences in the rates of development of various 
aspects tested. There was a gain in many features 
(except speech) in the first year of testing. The following 
description shows the main trends: 

May, 1953 (C.A. 3 years, 7 months, M.A. 10 months). 
After 17 months of restricted phenylalanine intake, 
Sheila could not stand without the aid of furniture. 
She would climb on to a chair, crawl actively and explore 
cupboards and objects at floor level. She was indifferent 
to toys unless they made a noise or moved, e.g., ball or 
top. She would not hold two objects at once. The 
thumb was beginning to be used in manipulation. She 
made some two-syllable babble and kissing noises. Her 
attention span was limited and she quickly tired, cried 
and lay rocking on the floor. 
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TABLE 4 


bowel 
RESULTS OF MENTAL TESTING IN SHEILA 
onths 
could Date of test 7.3.33 8.1.54 12.5.54 15.2.55 10.12.55 13.4.56 
in his | Chronological age (months) ..—si«x«j 44 52 56 64 14 78 
Mental age (months) 
eople Buehler .. 11-6 14 | 18-5 19-6 
make Vineland a; 10 14 | 17 | 19 | 22 — 
Gesell | 
Motor .. 11 14 16 | 21 21 
Adaptive a ve al 10 13 15 | 18 | 18 _ 
Language 9 9 10 10 10 
first Personal/Social 9 | 9 14 14 15 
under 
M 42 10 11 14 16 16 
1951, _ | | | | 
, and Mental Age* ) Quotient Mental Age* | Quotient 
Griffiths Scale Scale A | 
, but B 71 | 28 91 27 
she 53 19 75 22 
44 16 50 15 
t and E | 72 26 81 | 24 
head Full Scale 58 21 60 18 
| 61 22 71 | 21 
and | 
/pical 
-esent Griffiths scale ages in weeks. 
e-free 


arked January, 1954 (C.A. 4 years 3 months, M.A. briefly at a picture book. Apart from language, she was 
otor | |!2 months). After two years of treatment she was able at about the 12-month level. 

il by to stand and would walk a few steps with help. Attention May, 1954 (C.A. 4 years 7 months.) This was 12 
1 was span was markedly increased, and she was interested in months after the first assessment, and two years five 
short more objects. Thumb opposition was complete: she months after the start of treatment. She was now 
vern- could pick up a pellet neatly and place one brick on walking alone, and could seat herself in a small chair 
tory. another. She made a stroke with a pencil and looked or climb into a child’s push-along wagon. She was 
above 
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rt showing dietary and biochemical changes in Sheila. Steep rise in weight after January, 1955, due to increased calory 
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considerably more interested in playing with toys—thus 
she tried to spin a top by pumping the handle and to 
build a tower with cubes. She would fill a cup with 
cubes, scribble with a pencil and look at a picture book. 
In motor development she was rated at 18 months and 
in other aspects at 15 months, apart from speech which 
had still not advanced beyond the 12-month stage. In 
the 12 months she had gained five months of mental 
development, a progress rate of 40%. 

February, 1955 (C.A. 5 years 4 months). Locomotion 
had further improved, as she could walk kicking a ball 
and could squat in play. She made a tower of bricks, 
scribbled with a pencil and liked carrying a doll. She 
placed a round block in a form-board, drank from a cup 
and pointed to indicate her needs; language continued to 
lag. Progress in this period had continued, but at a 
slower rate than in the preceding 12 months. The 
considerable variation of different aspects of develop- 
ment is indicated by the results of the first testing on the 
Griffiths scale at this time (Table 4). 

December, 1955 (C.A. 6 years 2 months). After two 
years of treatment, the deterioration in home circum- 
stances and dietary control was reflected in her manner. 
She was more easily distracted and test materials were 
almost invariably thrown on the floor. Nevertheless, 
some progress was recorded, she could use a cup and 
spoon by herself, could take the paper off a sweet and 
walked along pulling a toy. 

April, 1956 (C.A. 6 years 6 months, M.A. 1 year 
6 months). After Sheila had been five months on a 
low-protein diet, her mother claimed that she was well, 
and was continuing to acquire new activities at home. 
She was, however, uncooperative and distractable during 
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testing and although mental tests showed co: tinued 
improvement, it was clearly at a considerably lov er rate 
than previously (Table 4). 


Case 3. Pauline, born on October 10, 1950, w:is first 
admitted to the Children’s Hospital, Birmingham, under 
the care of Dr. J. Gerrard in July, 1953; she was the 
second child of healthy parents. The other child was 
normal, and Pauline had been regarded as normial until 
about 1 year old. She had sat up at 9 months and 
walked at 18 months, but made no attempt to talk or to 
feed herself. She had suffered from attacks from the 
age of 10 months when she fell in her cot and rolled her 
eyes; these attacks were said to be getting more frequent. 
On admission, she appeared physically normal for her 
age and there were no abnormal signs. The tecth were 
rather widely spaced but not ground down. Plasma 
phenylalanine was raised with excessive excretion in the 
urine; which also contained phenylpyruvic acid. The 
child was placed on a phenylalanine-free diet by Dr. 
Bickel for two weeks and then given 200 mg. daily of 
L-phenylalanine, but no milk. The urine was free from 
phenylpyruvic acid on this amount. She was later 
discharged from hospital on the diet similar to the other 
children, with 75 g. milk instead of the phenylalanine. 

She remained well at home on this régime for some 
weeks and gained weight; the urine was free from phenyl- 
alanine on paper chromatography, and the ferric chloride 
reaction was negative. The dietary control deteriorated 
and she was readmitted on May 15, 1954, when the 
biochemistry was again restored to normal by strict diet. 
She was transferred to St. Margaret’s Hospital, Birming- 
ham, where the diet was strictly enforced for the following 
12 months. The plasma phenylalanine 
remained only slightly raised above 
normal levels and the urine was free from 
phenylpyruvic acid (Fig. 4). In May, 
1955, there was a rise in the plasma 
phenylalanine traced to the accidental 
addition of protein to the diet. The 
calory intake of this child was kept high 
(100-110 cal./kg./day) with glucose and 


sweetened drinks, in addition to the basic 
amounts in the casein mixture. For a 
time this was given as a drink as the 
child objected to it in any other form, 
but it was later found to be more 
satisfactory in the blancmange already 
described. The diet was finally changed 
to a low-protein intake in December, 
1955, in view of the slight mental 


improvement after 18 months’ satis- 
factory dietary control. 


MENTAL CHANGES. These are set out 
in Table 5. 

September, 1953 (C.A. 2 years Il 
months). Before treatment assessment 


on the Buehler scale gave a mental age 
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Fic. 4.—Chart showing dietary and biochemical changes in Pauline. 


of 8 months, and the Vineland scale of 
8-8 months. She could sit up without 
support, walked a few steps with aid 
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TABLE 5 
RESULTS OF MENTAL TESTING IN PAULINE 


— 
Date of test | Sept., 1953 | June, 1954 | Sept., 1954 March, 1955 Feb., 1956 
~~ Chronological age (months) + 35 | 44 47 53 64 
~~ Mental age (months) | 
Buehler che | 8-5 | 11 | 11 13 
Vineland .+| 8-8 10 10 12 13 
Mental Age (weeks) Quotient 
Griffiths scale Griffiths A/ 59 27 
B 38 17 
28 13 
D 35 16 
E 36 17 
Full scale | 39-5 18 
and stood with the aid of a chair. She made Case 4. Malcolm, born on May 13, 1949, was first 


a few sounds but showed little awareness of people. 
She grasped at objects, waved a bell, rattled a box of 
cubes but could not manipulate two objects at once. 
She rocked frequently, ground her teeth and often broke 
into loud cries. 

June, 1954. She had now learned to stand alone and 
could walk, though unsteadily. She could hold two 
objects simultaneously and could pull a string to obtain 
a toy. The Buehler scale gave a development age of 
11 months, items relating to locomotion providing most 
of the improvements. 

September, 1954. Locomotion was greatly improved 
and she ran about vigorously. The crying and teeth 
grinding had diminished, but she remained unresponsive 
to people or to her environment. 

January, 1955 (C.A. 4 years 3 months). Locomotion 
again showed progress to above the one-year level. She 
could run, walk backwards, and climb into a chair. 
She showed some improvement in social relationships, 
at times seeking and showing affection, although she was 
uncooperative in dressing or feeding. There was no 
progress in speech. It was difficult to test her manipula- 
tion of objects, as she tended to finger things rather than 
to grasp them, and put them finally in her mouth. 
Testing for the first time on the Griffiths scale showed a 
mental age of 40 weeks, with a quotient of 18 (Table 5). 

March, 1955. An estimate with the Buehler scale 
placed her at 13 months, with locomotion still contribut- 
ing much of the improvement. She preferred running 
aimlessly around the room to playing with test materials 
and would not build with cubes or put things into a cup. 
She would grasp at a string, but merely put it into her 
mouth and did not attempt to play with the toy attached. 
She preferred to bang objects against the table or to 
put them in her mouth and there did not seem to be much 
change in her handling of materials. 

January, 1956. A further attempt was made to test 
with the Griffiths scale, but she was quite unresponsive 
to the test materials. If she handled toys they were 
Immediately put into her mouth. She ran about the 
room constantly and had a habit of sucking at hard 
objects at head height. She seemed curiously withdrawn, 
paying | ‘tle attention to her surroundings and unrespon- 
Sive to nurses caring for her. 


admitted to the Children’s Hospital under the care of 
Dr. J. Gerrard in January, 1954. He was the first child 
of healthy parents, who were second cousins. He was 
normal at birth but started to have convulsions at the age 
of 6 months, which had continued about twice monthly 
until admission. The attacks were all similar, with 
clonic spasms of the hands and legs and convergent 
movements of the eyes which lasted for a few seconds. 
He sucked normally, took solid food at 9 months, but at 
5 years was unable to stand, feed himself or talk. He 
was difficult to examine, crying readily on any interfer- 
ence. The teeth were ground down and widely spaced: 
the heart, lungs and abdomen appeared normal and 
there were no abnormal signs in the upper limbs. 
The lower limbs were hypotonic, and the reflexes 
impossible to test. The urine contained excess 
phenylalanine, and there was a strongly positive ferric 
chloride reaction. 

On a phenylalanine-free diet he lost weight, and 
vomited. so 150 ml. milk was added daily but as phenyl- 
pyruvic acid reappeared in the urine the milk was 
reduced to 100 ml. The addition of 5 g. phenylalanine 
to his diet caused marked deterioration, the child 
becoming weak and miserable and making little attempt 
to move. Similar findings were seen in Sheila on large 
doses of phenylalanine (Bickel et al., 1955). A strict 
diet, with limitation of phenylalanine to 250 mg./day, 
was then started and he appeared more active. In May, 
1954, he developed status epilepticus, lasting for 48 hours. 
He improved, and was later discharged on the same diet, 
and seen regularly in the Out-patient Department. The 
plasma phenylalanine remained raised above normal 
levels, and it was thought that he must be receiving 
additional protein. He was readmitted to the 
Metabolic Ward for assessment on June 1, 1955. The 
fits were still occurring regularly but were mainly of 
petit mal type and were unaffected by phenobarbitone 
or phenytoinum sodium (‘epanutin’). The legs 
were still hypotonic and he was unable to walk. The 
plasma phenylalanine level was 5-3 mg./100 ml.; with 
proper diet restriction it fell to 1-9 mg./100 ml. and the 
excretion in the urine fell to 2-5 mg. per day. Further 
fits, several of major type, occurred in hospital and in 
view of the very limited improvement which had been 
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obtained he was discharged on a low-protein intake in 
July. His condition has remained unchanged. 


MENTAL STATE. The findings are set out in Table 6. 

January, 1954 (C.A. 4 years 8 months). The develop- 
ment age on the Buehler scale was assessed at about 
five months. He was unable to sit up unaided, and 
lay flat in his cot with his legs in the air playing with his 
toes. When held up, he made no attempt to take his 
weight or to make stepping movements. He was able 
to hold a rattle, to bang toys against a table and to 
appreciate sound. There was little response to people, 
and he made no articulate sounds. 

He was seen at intervals throughout the year of 
phenylalanine restriction but no formal testing was 
carried out. In January, 1955, assessment on the 
Buehler scale gave a mental age of 7 months; on the 
Griffiths scale he scored at 27 weeks, with a quotient of 9. 
The main change in the year was the development of a 
firm sitting posture and greater activity with toys. There 
was no attempt at speech and he would not stand. Six 
months later there again appeared to be no change in 
his condition. 


TABLE 6 
RESULTS OF MENTAL TESTING IN MALCOLM 


Date of test Jan., 1954 Jan., 1955 | July, 1955 
Chronological age | 68 74 
(months) (294 weeks) | 
| 
Mental age (months) 
Buehler | 5 7 7 
Mental Age Quotient 
Griffiths scale 
Griffiths A 23 8 
B 29 10 
Cc 17 6 
D 26 9 
E 29 10 
Full scale 27 9 


Case 5. Sylvia, born on January 21, 1945, was 
admitted to the Children’s Hospital under the care of 
Dr. J. Gerrard to assess the effect of phenylalanine 
restriction on an older and severely affected child. She 
had been in St. Margaret’s Hospital since the age of 6. 
She sat up late and had not walked until the age of 3. 
She was withdrawn, wild and quite uninterested in her 
surroundings, frequently banging her head and boxing 
her own ears. Her hair was dark unlike all the other 
children, and her teeth widely spaced, though not ground 
down. The reflexes were brisk, but muscle tone was 
normal. She was impossible to test by any formal 
method, so that no definite mental age could be obtained. 
The plasma phenylalanine was 24:5 mg./100 ml. on 
admission, and the urine phenylpyruvic acid averaged 
350 mg./24 hours (Penrose and Quastrel, 1937). Phenyl- 
alanine restriction started on May 27, 1953, and she 
became more docile, easier to manage and showed more 
interest in activities around her. The plasma phenyl- 
alanine fell to normal values. The diet, which was 
continued for two years, consisted of 50 g. of the casein 
hydrolysate together with amino-acid mixtures as given 


to the other children. She received a calory iniake of 
1,400 per day, with approximately 300 mg. phenyla|anine 
On this régime the plasma phenylalanine was above 
normal, but the urine was free from phenylpyruvic acid. 

After 18 months of dietary restriction, her behaviour 
seemed less negative. She still banged her head, though 
less often, and had on occasions showed interest in tes 
materials, although her attention was not sustained. 
She was very active, with numerous bizarre jerking 
movements of the limbs and trunk. The Vineland scale 
placed her at 12 months. While there had been definite 
personality changes on the diet, there was no measurable 
intellectual advance. 

In June, 1956, after seven months of nermal diet, her 
condition had reverted to that seen before treatment, 
She was completely withdrawn and unresponsive to any 
approach, except to that of another high-grade patient. 
She had on occasion refused all food except that given 
by this girl. She crouched on the floor, hiding her head 
in her arms, frequently banging her head and making 
loud grunting noises. 


Case 6. Robin, born on May 12, 1954, is the brother 
of Malcolm. He was born in hospital and the urine was 
examined by Dr. Bickel two weeks after birth when 
phenylalanine loss was normal and no phenylpyruvic 
acid was present. He grew normally and was regarded 
as normal by his parents. At 8 months he developed 
fever and ascites, with a positive Mantoux reaction. A 
diagnosis of tuberculous peritonitis was made, and on 
admission to hospital at Worcester it was noticed that 
the urine gave a positive reaction for phenylpyruvic acid. 
He was transferred to the Children’s Hospital, Birming- 
ham, under Dr. O. Wolff and treated with a normal diet, 
streptomycin and isonicotinic-acid hydrazine, with satis- 
factory resolution of the ascites and fever. The plasma 
phenylalanine was 38-5 mg./100 ml. and the daily urinary 
excretion 270 mg. After three months’ treatment, he 
was admitted to the Metabolic Unit for further study of 
the phenylketonuria. He was an attractive, fair-haired, 
blue-eyed child with a bright, alert face and was friendly 
towards visitors. He could sit up easily, and pull himself 
to a standing position. He crawled readily and actively 
and appeared purposeful in his movements. There were 
no abnormal physical signs (Hb 11 g./100 ml., E.S.R. 
1 mm./hr.). After a short period on normal diet, the 
phenylalanine intake was limited to 250 mg./day, with 
1,200 calories/day. The plasma and urine phenylalanine 
became normal within a few days. Before treatment, 
there was a gross excess of indole lactic acid, indole 
acetic acid and tryptamine in the urine which disappeared 
after restriction of phenylalanine. He remained in 
positive nitrogen balance and gained weight after a 
further three months on the diet in hospital (Table 7) 
when he was discharged home. The parents were 
unconvinced that there was any mental abnormality (in 
relation to Malcolm, their other child, this view was 
understandable) and were reluctant to continue with any 
dietary restriction. Robin was therefore given a high- 
calory, low-protein intake, calculated to give 500-600 mg. 
phenylalanine per day. He has been seen regularly in 
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TABLE 7 
NITROGEN BALANCE IN ROBIN 
} | Urine Stool Urine 
Volume Creatinine Nitrogen Nitrogen Total Intake Balance Phenylalanine 
(ml.) (mg./day) (g./day) (g./day) (g./day) (mg./day) 

3.10.55 285 95 2-7 2-2 4-9 43 0-6 | 
9.10.55 275 102 2:6 0-9 3°5 4-3 0-6 290 

17.10.55 300 130 2:3 0-9 3-2 4-3 1-1 — 
19.10.55 224 100 4°5 1-0 5:5 4:3 —1-2 310 
4.11.55 350 2:9 0-8 3-7 4:3 0:6 270 

15.11.55 290 — 3-1 0:5 3-6 4:3 0-7 
93.11.35 620 139 2:9 0-4 3-3 4-3 1-0 

30.11.55 450 125 3-3 0:7 4:0 4:3 0:3 | — 
8.12.55 436 110 2:2 0-9 3-1 4:3 1-2 | 1-9 


the Out-patient Department when he has appeared well, 
to be gaining weight and to be developing mentally to 
some extent. The plasma phenylalanine has remained 


; high, and the urine gave positive reactions for phenyl- 


pyruvic acid. 


MENTAL STATE. The results of mental tests are set 
out in Table 8. 

June 28, 1955 (C.A. 59 weeks, M.A. 39 weeks, quotient 
66). He could sit up and crawl, but could not stand. 
He was responsive to people, watching them and 
chuckling to games of ‘peep-O’. He was beginning to 
help with feeding and making babbling sounds. He 
grasped well with finger and thumb, lifting the lid off a 
small box, and trying to take the cubes out of the box. 
He seemed very aware of his surroundings. 

October 22, 1955 (C.A. 75 weeks, M.A. 45 weeks, 
quotient 60). He could now walk when led and 
cooperated slightly in dressing. He took bricks out of 
a small box, looked at picture books briefly and played 
with a ‘dinky’ car. 

March 21, 1956 (C.A. 96 weeks, M.A. 57 weeks, 
quotient 59). After three months at home on a normal 
diet, with limited protein intake, he walked confidently 
with assistance. He would pull himself upright and 
stand alone. He waved ‘bye-bye’ and could be 
encouraged to play pat-a-cake. He could be credited 
with a few words and certainly made singing noises. He 
played ball with a definite throw to the examiner and 
pushed a toy car about. In exploring a room, he showed 
amore normal approach than the other affected children, 
persisting in attempts to open a cupboard where a toy 


throw things down after a short interval and there was 
little perseverance abcut his actions. 


Discussion 


Biochemical Control. The most detailed studies 
were carried out with Michael, on a standard 
measured intake for 18 months. In this child, and 
in others, restriction of the phenylalanine to approxi- 
mately 250 mg./day (15 mg./kg./day) sufficed to 
keep urine and plasma phenylalanine at normal 
levels and to allow normal growth (Fig. 5) provided 
that adequate calories were supplied (see below). 
This intake also permitted excessive growth rates 
in the earlier periods when the child had been grossly 
undernourished. Higher levels of phenylalanine 
intake resulted in a rise in the plasma level and in 
urinary excretion of phenylalanine, followed by the 
excretion of phenylpyruvic acid. 

This level of intake also permitted normal accumu- 
lation of nitrogen in a growing child. In Michael, 
during the periods when calory intake was adequate 
(February-May, 1955, and November-May, 1956), 
mean positive nitrogen balances of 1-16-+-0-34 and 
1-60-+0-52 g./day were recorded. The average 
weight gain for this period was 8 g./day and simul- 
taneous measurements of the fat fold thickness 
(method of Edwards, Hammond, Healy, Tanner and 
Whitehouse, 1955) suggested that there was no gain 


was hidden. He was, however, showing a tendency to in fat at these periods, and that therefore the weight 
TABLE 8 
RESULTS OF MENTAL TESTS IN ROBIN 
| 
Date of test vel June 28, 1955 October 22, 1956 March 21, 1956 
Chronological age (weeks) eS 59 75 96 
Mental age s Es a M.A Quotient M.A Quotient M.A Quotient 
Griffiths A 38 | 65 48 64 59 61 
B 39 66 46 61 55 57 
Cc 34 58 39 52 51 53 
D) 43 73 48 64 66 69 
E| 39 | 66 43 55 53 56 
_ Full scale | 39 | 66 45 60 57 59 
Progress rate } 37°5 57 
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gain was largely protein. Information relating 
weight gain to nitrogen balance at this age could 
not be found in normal children, much less in those 
mentally backward whose energy requirements may 
be greater. However, the estimate of 3-8 % nitrogen 
in the fat-free body weight of a child aged 44 
(Widdowson, McCance and Spray, 1951) would 
suggest that the nitrogen gain: weight gain ratio of 
1:8 in this child was unusually high, although as 
there are large standard errors for the mean daily 
nitrogen balance, the figures are not inconsistent. 
Clearly, further studies of this type are needed to 
interpret the significance of these findings, but they 
do indicate that protein and weight accumulation 
can take place at normal rates for prolonged periods 
even with such drastic limitation of phenylalanine 
intakes. 
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Fic. 5.—Weight and height records for Michael while on restricted 
diet compared with standard figures (Acheson et al., 1955). 


The phenylalanine contents of body proteins are 
thought to be relatively constant, ranging from 
2:6 g./100 g. protein (or per 16 g. nitrogen) for 
keratins to 8-5 g./100 g. for haemoglobin, with a 
mean value of 5-5+0-9 (Block and Bolling, 1951). 
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During the periods of weight gain and positive 
nitrogen balance, the phenylalanine excretion | the 
urine rarely exceeded 10 mg. per day in the two 
cases studied in detail. The intake was approxi- 
mately 260 mg./day, and if the whole of the reixined 
amino-acid was utilized for body protein forma- 
tion, the expected nitrogen balance would be 
250 x 16 

= 0-73 g./day. 

with those observed in Robin, but is lower than 
those found in Michael, although not at a significant 
level of difference. The important conclusion would 
appear to be that intakes of phenylalanine of 
15 mg./kg./day are fully adequate to permit normal 
growth and formation of protein of norma! com- 
position in the body. This figure is substantially 
less than the estimated requirements for a normal 
adult, i.e., 20-22 mg./kg./day (Rose, 1949). No 
figures are available for growing children, but it is 
usually stated that their nitrogen and amino-acid 
requirements are greater. In the present series, the 
phenylalanine intakes were appreciably higher until 
it was realized that normal plasma levels could only 
be achieved with limitation of this degree. Woolf 
et al. (1955) gave intakes of 24 to 32 mg./kg./day 
to three children and observed that the plasma 
phenylalanine was slightly above normal on semi- 
quantitative estimation on paper. The figure of 
15 mg./kg. is also indicated by the work of Arm- 
strong and Tyler (1955) as the requirement for 
maintaining normal weight gain. It would seem 
preferable to keep the plasma and urine phenyl- 
alanine at normal levels, since in Michael it was 
observed that the rises which occurred during the 
periods of carbohydrate restriction were associated 
with slowing of his activities and with the appearance 
of abnormal indole derivatives in the urine. 

The importance of the high carbohydrate intake 
needs to be stressed, since on two occasions when 
this was reduced the plasma and urine phenylalanine 
was increased. The effect was originally thought to 
be due to the reduction of calories from 110 to 
95 cal./kg./day but as it did not follow a correspond- 
ing reduction in the calories supplied by fat, it 
seemed that a specific deficiency of carbohydrate 
was responsible. Normal children are said to requir¢ 
80-100 cal./kg./day. although there are few studies 
available for the younger ages. Satisfactory weight 
gain was observed in children of the age of 4 by 
Holt and Fales (1921) on 75 cal./kg./day and the 
level of 95 cal./kg./day apparently required by 
Michael seemed unduly high. It has usually been 
considered that calory requirements are the prime 
consideration, and little attention has been paid to 
the proportions of fat and carbohydrate, other than 
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that required to make the diet palatable. In Michael, 
the total nitrogen intake was low (4-8 g./day) and 
the average carbohydrate 230 g./day, so the high 
requirements of the latter may be due to the limited 
intake or to nitrogen restriction. It also remains 
possible that these changes are brought about by 
calory limitation, if fat is not available readily as a 
source of energy. Under these circumstances, body 
protein is likely to be drawn upon for energy 
requirements, and the phenylalanine content of the 
latter cannot be metabolized satisfactorily by these 
patients, with a resulting rise in plasma and urine 
phenylalanine. There is as yet insufficient evidence 
to decide as to which of these possibilities is the 
correct interpretation of the observed facts. 

The periods of biochemical abnormality emphasize 
the limitations of the ferric chloride reaction for 
phenylpyruvic acid in the urine as a test for adequate 
biochemical control, since it was often negative 
with appreciably raised plasma phenylalanine levels. 
It is, however, of great value as a diagnostic aid 
where the plasma phenylalanine appears always to 
be grossly raised. The microbiological assay deter- 
minations of plasma and urine phenylalanine levels 
appears therefore to be the only satisfactory index 
of control at present available. Boscott (1955) 
observed that o-hydroxyphenyl acetic acid appeared 
in the urine chromatogram on the two occasions on 
which the urine phenylalanine was rising in Michael, 
at a time when no other abnormalities were found; 
this may therefore be a more sensitive index of excess 
phenylalanine in the diet. 


It has been suggested that abnormalities of 
tryptophane metabolism which have been observed 
in these cases (Armstrong and Robinson, 1954) may 
be responsible for the mental defect, since the 
association of plasma phenylalanine level and the 
degree of mental defect is clearly not simple. In 
Michael and Robin, these abnormal substances were 
found in the urine before treatment but were com- 
pletely corrected by limitation of phenylalanine 
alone (Leyton, 1956). The hitherto unidentified 
‘blue spot’ obtained with Ehrlich’s reagent on paper 
chromatograms run in isopropyl alcohol-ammonia- 
water and in butanol-acetic-acid-water systems may 
also be a valuable index of early biochemical 
abnormality since it was present in Michael’s urine 
before treatment and on both occasions when the 
biochemical control was inadequate. These abnor- 
malities of tryptophane metabolism are also present 
in the ‘wo children seen with much higher I.Q. 
levels san any of the six described (Cases 7 and 8 
in Fig. ’ and appendix) so that the precise relation- 
ship of he biochemical defects to the mental defect 
IS still rot clear. 
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Menta! Changes. The long-term mental improve- 
ment in these children was limited, although it must 
be emphasized that except in the case of Michael, 
and for short periods in Pauline and Robin, the 
biochemical control was often inadequate by the 
standards defined. Two of the children showed a 
striking initial improvement with progress rates 
appreciably greater than before treatment. In 15 
months Michael improved from a mental age of 
less than 6 months to a 12-month level of develop- 
ment, representing a gain of 30 weeks in 65 weeks. 
This was a rise of 9 points in the full-scale quotients, 
which represented an all-round improvement. 
Sheila gained five months of mental age in the first 
year of testing, the improvement being most marked 
in locomotion and manipulation and slowest in 
speech and personal-social aspects. This improve- 
ment was observed after she had been on the diet 
for 15 months and did not therefore represent an 
initial spurt at the beginning of treatment. Unfor- 
tunately, since the home conditions were compli- 
cated by the birth of another child, the dietary 
control became seriously inadequate, and her 
subsequent progress became much slower. 

In two of the children there was little change on 
the restricted diet and no immediate difference 
followed when they were returned to normal intakes 
of phenylalanine. Both were over 5 years old when 
first treated and one was subject to numerous fits. 
The oldest child, Sylvia, showed an increase of 
motor activity on the diet but even after a year of 
fairly careful control, her behaviour was not 
sufficiently organized to permit formal testing. She 
presented a bizarre pattern of behaviour showing 
marked withdrawal similar to a psychotic patient. 

The experience with these cases suggests that the 
age at which treatment is started is of the greatest 
importance. When one considers how much and 
how quickly the normal infant learns in the first 
two and three years of life, it is not surprising that 
the loss of earlier stages of development does not 
appear to be fully made up, in spite of satisfactory 
biochemical control. The development of Robin 
will be of interest in this connexion, for when first 
seen at the age of 13 months he was not seriously 
retarded, having a mental age of 39 weeks and a 
quotient of 66. He appears to show a slightly 
falling progress rate, although it is at present clearly 
considerably more advanced than the majority of 
the children in the series. In several of the cases 
the history from the parents and welfare clinics 
suggested that deterioration in the mental state 
became more serious from 12 months onward. 
Some abilities that had begun to emerge before 
1 year of age disappeared later in the increasing 
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dissociation from their surroundings that is 
characteristic of these children. This evidence 
favours the suggestion that phenyl- 
ketonuric children are normal at birth 
and that for some reason not yet 
identified the mental development 6} 
becomes arrested after the first few 
months of life. That other systems 
may be involved is suggested by the 
abnormality of the teeth observed in 
these children. In three cases examined 
by histological methods this appears 
to be due to an enamel hypoplasia 
(McGregor and Manley, 1956); further 
investigation is proceeding into the 
nature of the abnormality. 

In spite of the limited results 
achieved so far there is no doubt that 
considerable mental improvement has 
occurred in several of the children ° 


7r 


MENTAL AGE (years) 
w w 


T 


ARCHIVES OF DISEASE IN CHILDHOOD 


One of the problems of treating mentally !:ack. 


ward children is that of ensuring that they are -iven 
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treated with phenylalanine restriction. 
This has been most striking in loco- 
motor activities, four of the six having 
learned to walk during the period. All 
of them have shown changes in manner 
and bearing difficult to test formally. 
Thus there has been an increased awareness of 
their surroundings and a decrease in the stereo- 
typed movements and habits (rocking, head 
banging, teeth grinding, finger movements, etc.). 
Progress in speech has been relatively slow, 
none of the children learning much beyond the 
12-month level. Several have progressed fairly 
quickly in manipulation (hand and eye scale), 
but have lagged in the use of this in actual tasks. 
The strikingly different rates of development in the 
different scales is well illustrated by Michael at 
the three monthly tests (Fig. 6). 
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Fic. 6.—Graph showing the change in mental age on Griffiths scale 
with age in Michael. 
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Fic. 7.—Graph illustrating differences in initial mental age and progress in mean mental 
ages during treatment. 
appendix) are untreated and have biochemical abnormalities as severe as initial findings 


Case 6 was treated for three months only, Cases 7 and 8 (see 


in the remainder of the cases. 


the experiences, affection and attention that they 
need at each stage of mental development (Buck, 
1951). Whenever home treatment was adopted 
advice was given to the parents on management, 
but there was considerable variation in their ability 
to provide for these needs or to control the diet 
successfully. The children treated in _ hospital 
received considerable personal attention and were 
provided with toys, picture books and play pens as 
needed. Michael, in particular, benefited from this 
and responded with affection to the ward sister and 
others, and displayed remarkably intense emotional 
reactions. The hospital ward cannot supply all the 
varied learning experiences of the ordinary home 
and ways of effecting a greater variation in the 
child’s environment while maintaining satisfactory 
dietary control must be considered in future work. 

The wide range of initial development of children 
with this condition (see also Jervis, 1952) is of great 
importance in assessing the value of treatment and 
emphasizes the need for a standardized method of 
mental testing. Five of the children described had 
mental ages of less than 12 months with quotients 
placing them in the ‘idiot’ group. Two untreated 
children (see appendix) have considerably higher 
quotients (Fig. 7). Both these children show the 
same biochemical abnormality, both in respect of 
phenylalanine and tryptophane metabolites, and 
there is no suggestion of less severe biochemical 
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abnormality than with the more severely affected 
children. It is, however, noteworthy that both 
children come from good homes, in which every 
effort has been made to foster their development. 
Such environmental factors may be of great impor- 
tance in determining the final degree of improvement 
that can be obtained in the children treated on 
phenylalanine-low diets, especially when treatment 
is not started until after the first 12 to 18 months 
of life. 
Summary and Conclusions 


Six cases of phenylketonuria have been treated 
for periods of up to four years with phenylalanine 
restriction. In two, it has been possible to conduct 
detailed metabolic studies of weight, nitrogen 
balance, plasma and urine levels of phenylalanine, 
together with studies of the excretion of indole and 
phenolic compounds. 

The abnormality of raised plasma and urine 
phenylalanine, together with the abnormal metabolic 
products of phenylalanine and tryptophane meta- 
bolism, can be completely corrected by sufficiently 
limiting phenylalanine intake to levels’ of 
15 mg./kg./day. On this intake, normal weight gain 
and nitrogen balance and body protein formation 
can be attained for long periods. 

High carbohydrate diets are essential in the 
treatment of phenylketonuric children on restricted 
phenylalanine intakes. An intake of 110 cals./kg./ 
day should be aimed at, and 70% of this should be 
in the form of carbohydrate. 

The practical difficulties of the management of 
the diets at home has led to inadequate control for 
long periods in the out-patients. Cases treated in 
hospital or in mental defective colonies have been 
satisfactorily controlled when the factors of optimal 
calory and phenylalanine intake have been ascer- 
tained. 

Mental testing gave clear evidence in two cases of 
acceleration in the rate of development. In one 
case this was not maintained owing to inadequate 
dietary control at home; in the other, the accelera- 
tion has been maintained. This child, treated with 
strict dietary control for 15 months in hospital, 
has shown an advance in mental level of seven 
months with a slight but significant rise in I.Q. 

In three cases, more limited changes were 
observed, in particular, the achievement of loco- 
motion, increased awareness of surroundings and a 
diminution of mannerisms and habitual movements. 
Two of these were more than 5 years old when 
treated and the experience with them strongly 
Suggest: that treatment must be started at a much 
earlier “ze, The third case with good biochemical 
contro! ‘ailed to show marked improvement except 
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in locomotion. Return to normal diet resulted in 
regression to pre-treatment behaviour in one case; 
a slight deterioration in behaviour in another; and 
little noticeable change in a third. 
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technical assistance. 


APPENDIX 


Untreated Cases 

Case 7. Barbara was born on May 15, 1947. Her 
elder brother is a severely defective phenylketonuric at 
St. Margaret’s Hospital and the diagnosis was only made 
during the routine testing of siblings of affected cases. 
She was normal at birth, sat up at 7 months, walked at 
18 months and talked in sentences by the age of 3}. 
When she first attended school (age 5) she would not 
stay still but ran about the room continually. She had 
noisy tantrums and was not amenable to school 
discipline. She was, however, friendly, not aggressive, 
and responded well to individual attention. In May, 
1953 (age 6), she had a mental age of 4 years | month 
on the Terman Merrill intelligence test. 

She was admitted to the Children’s Hospital under 
Dr. Gerrard in 1953 when the biochemical defect was 
found to be as severe as that observed in the other 
children. Her plasma phenylalanine level varied from 
38 to 48 mg./106 ml., with a considerably raised excretion 
of phenylalanine in the urine and with a daily excretion 
of 500 to 650 mg. of phenylpyruvic acid. She was placed 
on a low-protein diet giving about 700 mg. phenylalanine 
per day and has remained on this without appreciable 
change in the biochemical abnormality. 

In 1955 after three years of schooling in a normal 
infant school, she was reported to be little trouble. She 
could take messages in school, played well with educa- 
tional toys and was more independent. At home, she 
looked after herself in toilet matters, went to school 
unaccompanied and helped with home tasks. Mental 
testing showed that she was maintaining her status as a 
high-grade educationally subnormal child (1.Q. = 71) 
and was making satisfactory progress (see Fig. 6). 


Case 8. Lynn, born on September 12, 1948, was 
regarded as normal until the age of 12-15 months when 
her general unawareness led to a diagnosis of mental 
defect. She sat up at about 10 months, and walked at 
the age of 2, although tended to fall easily. She talked 
in a limited way at the age of 3. Thereafter, she made 
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slow but steady progress and when first seen in Novem- 
ber, 1955 (age 7 years 2 months), she had a mental age 
of 2 years 5 months on the Merrill-Palmer scale. She 
walked, ran and jumped and could climb stairs. She 
identified parts of her body and fed herself neatly with 
a spoon, though not with knife and fork. She asked to 
visit the toilet, and could communicate other needs. 
She would name toys and pictures and could repeat 
simple nursery rhymes. She had a number of man- 
nerisms and rocked back and forth while talking or 
performing many activities. She was said to be fond 
of music and to be able to select her favourite records 
which she would listen to for long periods. She is at 
present attending an occupation centre and learning a 
few more simple activities. 

She was admitted to the Metabolic Unit on April 4, 
1956, when detailed studies were carried out on a 
measured normal dietary intake of phenylalanine (about 
3-0 g./day). The plasma phenylalanine level was 
25 mg./100 ml. and the urinary excretion of phenyl- 
alanine averaged 900 mg./day. In all, about 85% of the 
phenylalanine administered in the diet was accounted 
for by retention in the body in the formation of protein 
or by excretion as phenylalanine, phenylpyruvic and 
phenyl-lactic acid (Jefford and Blainey). Abnormalities 
of tryptophane metabolism were also found in the urine 
and were qualitatively similar to those found in Michael, 
although there were quantitative differences. Unfor- 
tunately an attempt to put the child on to the phenyl- 
alanine-restricted diet were unsuccessful owing to her age 
and greater intelligence, the bitter taste of the hydrolysate 


being greatly resented. She was therefore discharged 
home on a low-protein diet and further observations of 
her progress are to be made. 
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TUBERCLES OF THE CHOROID~ 


BY 


R. S. ILLINGWORTH and J. LORBER 


From the Department of Child Health, University of Sheffield 


In {948 two of us (Illingworth and Wright) 
revie. ed the literature concerning tubercles of the 
chor. d and described the natural history of the 
disea e as seen in children under our care. We 
poin' d out that the favourable response of children 
with niliary or meningeal tuberculosis to strepto- 
myci’ treatment had for the first time made possible 
the .udy of the natural history of choroidal 
tube:cles. Since that time we have had considerable 
furthor experience of miliary and meningeal tuber- 
culos's and have been able to observe the choroidal 
tube: cles in our original cases for several more years. 
Below is an account of our findings. 


Material 


Our original study was based on 60 cases of 
miliary and meningeal tuberculosis seen between 
January, 1947, and May, 1948. The total number 
of children with these conditions whom we have 
had under our care and personally examined between 
January, 1947 and January, 1956, is 224. 

In recent years all the children have been heavily 
sedated with rectal thiopentone for ophthalmoscopic 
examination (Lorber, 1950). 


Incidence of Choroidal Tubercles 


We found choroidal tubercles in 86 (38-4%) of 
the 224 cases of miliary and meningeal tuberculosis, 
including the original series. It is impossible to 
subdivide these cases accurately, because one cannot 
say with certainty that children with tuberculous 
meningitis have not also miliary tuberculosis. In 
our original paper we commented on the fact that 
the absence of radiological evidence of miliary 
tuberculosis by no means indicated that this would 
not be found at necropsy. Further study (Emery 
and Lorber, 1950), in which the radiological and 
pathological appearances were correlated, showed 
that the chief factor responsible for the characteristic 
rad ological picture of miliary tuberculosis was the 
number and size of the tubercles. All one can do, 
therefore, is to divide cases into those with radio- 


log cal or necropsy evidence of miliary tuberculosis, 
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and those without. Table 1 shows that choroidal 
tubercles were found in 26 of 39 patients (66-7%) 
with miliary tuberculosis who at the time of admis- 
sion had no meningitis or subsequently developed 
it; in 44 of 60 (73-3%) with tuberculous meningitis 
with radiological evidence of miliary spread; in five 
of 14 patients with tuberculous meningitis without 
radiological evidence but with the necropsy finding 
of miliary infection; and in 11 of 111 patients 
(10-0°%) with meningitis without clinical evidence of 
miliary tuberculosis, who survived, or in whom, 
if death occurred, no necropsy was performed. To 
put it in another way, we found choroidal tubercles 
in 16 out of 125 children (12-8 %) with tuberculous 
meningitis who had no radiological evidence of 
miliary tuberculosis, and in 70 out of 99 children 
(70-7°%) who had radiological evidence of miliary 
tuberculosis, with or without meningitis. 


The Natural History of Choroidal Tubercles 
One of us (J.L.) has followed up all survivors in 


TABLE 1 
THE INCIDENCE OF CHOROIDAL TUBERCLES 


Number 
Showing 
Choroidal | Choroidal 
Children | Tubercles Tubercles 


Percentage 
Showing 


Miliary tuberculosis without menin- | 
gitis on admission, or subse- 
quently developing meningitis .. 39 26 


Tuberculous meningitis with radio- 
logical evidence of nenaerd tuber- 


culosis 60 44 73-3 


evidence but with necropsy find- 
ing of miliary spread .. R 14 5 


Meningitis without clinical ~~ 
dence of miliary spread ak 


| 

Meningitis without radiological | 

necropsy in case of death) } 


| 

Meningitis without radiological | 
evidence of miliary spread oh ae 16 12-8 

Radiological evidence of miliary 

tuberculosis with or without 

meningitis 99 70 | 


Fic. 1.—Early stage. 


Fic. 3.—Late stage. 


a special follow-up clinic and repeatedly examined 
their fundi. The longest period of observation of 
choroidal tubercles in a child was eight and a half 
years. During this period we did not observe the 
disappearance of any of the larger tubercles, but 
very small tubercles frequently disappeared. Before 
their final disappearance they became small, slit-like 
scars. Often these scars were so small that they 
could not be located unless each choroidal tubercle 
had been accurately mapped in its earlier stages. 
McDermott, Muschenheim, Hadley, Bunn and 
Gorman (1947) noted the disappearance of these 
lesions in two out of 13 cases of miliary tuberculosis. 
Debré (1952) considered that small choroidal 
tubercles may disappear completely. It should be 


remembered that it is exceedingly easy to miss small 
choroidal tubercles, even on repeated examination. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Fic. 2.—Early and intermediate stage. 


Fic. 4.—Very late stage 


In the early stage (Fig. 1) the choroidal tubercle 
appears as a rounded yellowish area, paler than the 
surrounding choroid and merging imperceptibly into 
it. It does not appear to be elevated. There may 
be only one tubercle, but there may be large 
numbers, 10 or 20 in each eye. They are more 
likely to be found within one or two disc-breadths 
from the disc, but they may be found only at the 
periphery. They are usually much smaller than the 
disc, perhaps a quarter to a half of its diameter, but 
they occasionally exceed it in size. 

In the second stage (Fig. 2) the outline of the 
tubercle becomes more distinct, merging less imper- 
ceptibly into the surrounding choroid, and fine dots 
of pigment appear in the pale area. In many 
children this is the stage found when they are first 
seen; others present with tubercles in the early stage 
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only, or with a mixture of early and later stages. 
Most -arly tubercles pass into this stage in four 
weeks or SO, but some remain ‘early’ for several 
mont!:. We now know that smaller choroidal 
tuberc 2S remain in this second stage without 
appar: it change over a course of years or they may 
disapp ar altogether. We were not aware of these 
facts \ 1e€n we wrote our original paper. 

The larger choroidal tubercles undergo further 
notab! changes in the next 12 or more weeks. The 
tuberc > becomes paler still, eventually becoming 
parchi ent white with heavy black pigment around 
itand . clearly demarcated margin (Fig. 3). There 
may sO be some paling of the red choroid 
immec ately around the lesion. This corresponds 
to the hird stage illustrated in the monograph by 
Monb: in and Lavat (1949-50). The last stage 
which ve have seen, only after a period of three to 
four y-ars after the first examination, is shown in 
Fig. 4 The parchment white area is now com- 
pletely replaced by a mass of heavy black pigment. 
We have not seen a stage later than this, and we 
had not seen this stage when we wrote our original 
paper, neither have we ever seen an illustration of it. 


Choroidal Tubercles in Primary Tuberculosis 


In our previous communication we referred to four 
papers which mentioned the occurrence of choroidal 
tubercles without evidence of miliary tuberculosis, 
and described four patients ourselves who were 
found to have these lesions and survived without 
streptomycin and other specific therapy. One of 
them, however, showed fine miliary calcification in 
the lungs six years after the appearance of the 
choroidal tubercle. We have followed up these 
children for several years, and all have remained well. 
It has long been known that an occasional case of 
miliary tuberculosis recovers spontaneously without 
treatment, and one can never be sure from radio- 
logical studies that miliary spread has not occurred. 
Foissin (1949) reported a series of 15 cases in which 
choroidal tubercles were found in the absence of 
miliary or meningeal tuberculosis. Four were 
adolescents with primary tuberculosis. In two of 
them the tubercles healed during the period of 
observation, and in the other two they were healed 
When first seen. Eight cases had no other sign of 
tuberculosis, and were found in an eye clinic. Two 
were adults with healed tubercles. The other one 


was a girl of 6 years with severe primary tuberculosis 
of two years’ duration who developed headache and 
vomiting but had a normal C.S.F. and no radio- 
logical evidence of miliary tuberculosis. She was 
found to have one healed choroidal tubercle, which 
was almost black, and two fresh choroidal tubercles 
which later healed. She subsequently developed a 
new choroidal tubercle. The findings suggested 
three separate haematogenous spreads. 

Monbrun and Lavat (1949-50) found choroidal 
tubercles in six out of 100 cases of primary tuber- 
culosis. They regarded their occurrence as evidence 
of an intense infection with a serious prognosis. 
Onfray (1953) described a single case in which he 
found a scotoma corresponding to a large solitary 
tubercle. 

Since our original paper we have examined over 
200 cases of apparently uncomplicated primary 
tuberculosis, mostly in children under 2. In none 
of these did we find any choroidal tubercles. The 
examinations were done only at the time of the 
initial diagnosis, and subsequently if miliary spread 
was suspected because of suggestive symptoms. 
More frequent examinations might have disclosed 
an occasional choroidal tubercle. 


Summary and Conclusions 


The natural history and incidence of choroidal 
tubercles in 224 personally observed cases of miliary 
and meningeal tuberculosis were studied. 

Choroidal tubercles were found in 16 of 125 
children (12-8%) with tuberculous meningitis with- 
out radiological evidence of miliary spread, and in 
70 of 99 children (70-6 °%) with radiological evidence 
of miliary tuberculosis, with or without meningitis. 

The natural history of the choroidal tubercle is 
described, including a description and illustration 
of a late stage which we have not seen described 
elsewhere. 


We wish to thank the Tuberculosis Research Fund 
of the University of Sheffield for a grant for this study. 
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ENCEPHALITIS AND THROMBOCYTOPENIC PURPURA 
AFTER RUBELLA 


BY 


EMIL STEEN and K. H. TORP 
From the Paediatric and Epidemiology Department, Ulleval Hospital, Oslo, Norway 


(RECEIVED FOR PUBLICATION JULY 5, 1956) 


Rubella is commonly considered a disease with a 
short and mild course and few complications except 
the lesions and malformations found in children 
whose mothers had rubella during the first months 
of pregnancy. Therefore it has been regarded as 
an advantage to girls to acquire this disease before 
puberty. 

In recent years, however, an increasing number 
of reports has been published dealing with serious 
complications after rubella. The patients with this 
diagnosis admitted to the Paediatric and Epidemi- 
ology Department, Ulleval Hospital, during the 
summer of 1955 showed an extraordinarily high 
incidence of encephalitis and thrombocytopenia. 

The characteristic of rubella given in textbooks as 
a harmless disease, therefore, should be regarded 
with some reservation. 


Encephalitis 


Case 1. K.A.E., a 9-year-old boy, had been in good 
health until April 26, 1955, when he got catarrhal 
symptoms, post-occipital adenitis, and an eruption 
typical of rubella. The rash and fever disappeared 
within 48 hours, and the boy remained well until May 1. 
He then complained of headache accompanied by 
nausea, and vomited repeatedly. He was admitted to 
the hospital on the same day because of a sudden attack 
of unconsciousness and right-sided convulsions. 

On admission he was deeply drowsy and completely 
unresponsive. He had continuous slight convulsions in 
the face and the right part of the trunk. There was no 
nuchal rigidity or stiffness of the back, no change in 
reflexes and no paresis. Urine analysis, a complete 
blood cell count and the sedimentation rate on admission 
were within normal limits. The spinal fluid was clear, 
colourless and contained 22 cells per c.mm., pre- 
dominantly lymphocytes. The spinal sugar level was 
106 mg. per 100 ml. (blood sugar 222 mg. per 100 ml.) 
and total protein 31 mg. per 100 ml. 

For the first 12 hours the boy remained unconscious 
and had repeated attacks of generalized convulsions, then 
he recovered rapidly. Twenty-four hours after admission 
a detailed neurological examination disclosed nothing 
abnormal, except some rigidity of the neck. 


The spinal fluid was re-examined on May 16. The 
cell count was 5 per c.mm., sugar 42 mg. per 100 ral. and 
total protein 41 mg. per 100 ml. The patient was dis. 
charged on May 20, 1955, completely free from syn toms, 

Electroencephalography (Dr. Birger R. Kaac1) was 
carried out three times during the illness. On May 2, 
the day after admission, the dominating feature was a 
generalized rhythmic delta-theta activity particularly of 
frequency of 2-3 per second waves of high amplitude 
(Fig. 1). These waves were slightly more promizent on 
the left hemisphere than on the right side. No spikes 
or sharp waves were seen. The E.E.G. was on the whole 
of the same type as that recorded in patients su(fering 
from rather severe meningo-encephalitis. At the examina- 
tion on May 12 the E.E.G. abnormalities were consider- 
ably reduced; some abnormal slow wave activity was, 
however, still visible. Thirty-eight days later the E.E.G. 
was practically within normal limits (Fig. 1, right part). 

In two other patients, a 9-year-old boy and a 10-year- 
old girl, the same complication was seen. The girl 
revealed involvement of the central nervous system four 
days after the rash appeared. The boy suffered first 
from headache accompanied by nuchal rigidity and 
stiffness of the back. Two days later a typical rubella 
eruption appeared. In both these patients the marked 
drowsiness was the most striking sign. They also had 
nausea, vomiting and headache. The cell count of the 
spinal fluid was moderately elevated, the spinal sugar 
concentration within normal limits. There were no 
focal symptoms from the central nervous system. In 
48 hours the children had recovered completely. 


In Norway Motzfeldt (1933), Hagemann (1946), 
Nja (1946) and Gadeholt and Grimstvedt (1956) 
have reported one case each of encephalitis following 
rubella; all four patients died. 

In the available literature we have found 88 
definite cases of rubella-encephalitis (de Gennes, 
Célice and Gautreau, 1934; Rodriguez, Gomensoro, 
Rodriguez Barrios and Acevedo de Mendilaharsu, 
1947; Vestergaard, 1949; Borch Jorgensen, 1955; 
Schleisner, Thorsteinsson and Bgogeskov-Jensen 
1955). Schleisner and his colleagues have studied 
the literature in detail up to 1955. 

Rubella generally has a mild course and registra- 
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tion is. when done, very unsatisfactory. It is there- 
fore impossible to calculate the real incidence of 
complicating encephalitis, but, judging from the 
literature, it must be rare. Margolis, Wilson and 
Top ( 943) observed 14 patients with encephalitis 
during an epidemic in Detroit comprising about 
9,000 cases of rubella. 

The incidence must be expected to be higher in 
hospit.! material because patients with encephalitis 
need hospital care. Bénard (1921) reported 13 cases 
of enc: phalitis in 291 hospital patients with rubella. 
Our t!.ree cases were observed among 21 patients 
admitied for rubella in the period May to August, 
1955. These 21 patients, however, are but a small 
propo! ion of the real number of cases in Oslo city 
during /he same period, because patients with rubella 
are no’ usually admitted to hospital. 

The symptoms of encephalitis most frequently 
appear in the first week after the rash. Cases have 
been reported, however, in which encephalitis has 
preceded the exanthema for two to nine days 
(Zadik. 1927; de Gennes et al., 1934; Rodriguez et al., 
1947; Holliday, 1950). This happened in one of 
our patients. 

A typical feature is that consciousness is seriously 
reduced (Borch Jorgensen, 1955). Coma may occur 


in a few hours, lasting up to three to four days. 


Various focal symptoms may be seen. Most 
frequently they are transitory, however. Usually 
the symptoms of encephalitis disappear completely 
within a few hours or days, though permanent 
sequelae have been observed (Davison and Friedfeld, 
1938; Vestergaard, 1949). 

Death occurred in 17 of the 88 cases studied in the 


‘literature, all during the acute stage within a week 


after the onset of encephalitis. Most of the fatal 
cases showed pronounced hyperpyrexia. 

Post-mortem examinations have revealed only 
non-specific findings in the central nervous system 
(Motzfeldt, 1933: Briggs, 1935; Taylor, 1937; 
Davison and Friedfeld, 1938; Margolis et al., 1943; 
Nja, 1946; Mitchell and Pampiglione, 1954). In 
general no demyelinization has been found (Mitchell 
and Pampiglione, 1954). Accordingly persistent 
sequelae are extremely rare in rubella encephalitis. 
This contrasts markedly with the widespread 
demyelinization in encephalitis after measles and 
varicellae. 

Therapy is symptomatic, with special care of 
respiration, bladder function, nutrition and fluid 
balance. Because the prognosis may be favourably 
influenced by anti-fever treatment in cases with 
hyperpyrexia (Schleisner ef al., 1955), cortisone, 
chlorpromazine, ice-bags, etc., should be tried. 


Fic. 1.—Electroencephalographic records in Case 1. 
” Left: E.E.G. obtained on May 2, 24 hours after the onset of clinical symptoms of encephalitis. The dominating feature is a generalized 
rhythmic delta-theta activity. 
Right: E.E.G. examination on June 20, with practically normal tracing. 


The 

and | 
dis- 
ms, 

was 
y 2, 
aS a 
y of 
tude 
t on 
ikes 
hole 
ring 
\ina- 
der- 
was, 
E.G, 

art), 
ear B-A, 
girl 

four 

first a -A ‘des 
and at: 
A, I~ 

the \ 

no 

In | < 

— 

nes, 
oro, A, 
irsu, | ahi 
955; 
nsen 
died 


472 


Thrombocytopenic Purpura 


Another complication of rubella is thrombocyto- 
penia. Among the 21 patients in the present material 
two developed thrombocytopenic purpura and one 
of them needed repeated blood transfusions. 


Case 2. M.V., a 7-year-old girl, had previously 
suffered from mumps, measles and non-paralytic polio- 
myelitis. On August 3, 1955, she developed catarrhal 
symptoms, post-occipital adenitis, and a rash typical of 
rubella. Several of her friends had rubella at the same 
time. On August 5 a cut was made in the lobule of the 
ear to perform a haemoglobin test, but the lesion con- 
tinued bleeding for more than an hour. The next day 
multiple ecchymoses appeared on the legs, and a 
haematoma developed on the right upper eyelid. No 
drugs had been used. 

On August 7, 1955, four days after the rubella eruption, 
she was admitted to hospital with profuse nasal haemor- 
rhage. She had a generalized purpuric rash with 
numerous ecchymoses and petechial haemorrhages. 
The spleen and liver were not enlarged. There was no 
haematuria, but tests for blood in the stool were strongly 
positive. The haemoglobin value was 62%, red blood 
cell count 3:2 m. per c.mm., platelet count 16,200 per 
c.mm., bleeding time more than 15 minutes, coagulation 
time 4 minutes and prothrombin value 98%. 

The nasal haemorrhage required packing of the nose. 
She was further treated with blood transfusions and 
cortisone (1-25 g. in 12 days). The tendency to haemor- 
rhage slowly subsided in the course of three weeks. A 
relapse with nasal haemorrhage, purpura and a platelet 
count of 54,000 occurred early in September, 1955. The 
patient was again treated with cortisone. On discharge 
on September 15, 1955, she was well. Control examina- 
tions, however, have revealed a slight thrombocytopenia, 
and the patient still (February, 1956) has an increased 
tendency to nasal haemorrhages and _ cutaneous 
ecchymoses. 

At the same time another girl, 4 years old, was admitted 
for thrombocytopenic purpura associated with rubella. 
The rubella rash and the haemorrhages appeared simul- 
taneously in this patient. No drugs had been used. 
Repeated examinations demonstrated that the blood 
platelet count was down to 39,500 per c.mm., and the 
bleeding time was more than 15 minutes. Other blood 
examinations were within normal limits. The course in 
this patient was mild. She made an uneventful recovery 
but when discharged after four weeks there was still a 
moderately lowered platelet count. 


Slight thrombocytopenia without clinical purpura 
may be seen at the beginning of most of the common 
infectious diseases (Olef, 1936). Cases of manifest 
purpura due to thrombocytopenia have been 
reported in measles (McLean, Kreidel and Caffey, 
1932; Patek, 1936; Rosenthal, 1939), in varicellae 
(Stoesser and Lockwood, 1938), in infectious mono- 
nucleosis (Rosenthal, 1939; Lloyd, 1944) and in 
acute respiratory infections (McLean et al., 1932). 
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Fifteen proven cases of thrombocytopenic purpura 
after rubella have been found in the literature 
available (Gunn, 1933; Fox and Walton, 1946. 
Magnusson, 1946; Nja, 1946; Warren, Rogliand and 
Potsubay, 1946; Ginsberg and Wilson, 1947. 
Ackroyd, 1949; Freedman and Laderman, 1949), 
It should be emphasized, however, that purpura in 
rubella may be seen without pathological cianges 
in the blood platelet count (Strom, 1940; Ac <royd, 
1949). 

Because rubella often gives such slight symptoms 
that it may be overlooked, it seems possib‘s that 
some cases of ‘cryptogenetic’ purpura are in reality 
due to rubella. This complication, therefore, may 
be more frequent than indicated in the literature. 
In support of this assumption is our demonsiration 
of thrombocytopenia in six other patients who 
suffered from rubella during a stay in the Paediatric 
Department. The platelet count in these cases 
varied between 22,000 and 132,000 per c.mm. during 
the first week after the onset of the exanthema. 
There was no purpura. 

If thrombocytopenia is confirmed to be relatively 
frequent in epidemics of rubella this finding may be 
of diagnostic value. Our observations, however, 
are too few to permit of any definite conclusions. 

The clinical and laboratory examinations reveal 
the same changes as those found in other forms of 
purpura caused by thrombocytopenia. The bleeding 
tendency generally subsides in a few days or weeks, 
and the patient usually recovers completely. Death 
due to cerebral haemorrhage, however, has been 
reported (Ackroyd, 1949). 

There is no causal treatment. Cortisone ought 
to be tried. Repeated transfusions of freshly drawn 
blood are indicated to replace any loss in blood 
volume, and may contribute to haemostasis (Evans, 
1956). 

The five cases reported occurred in 21 patients 
admitted to the hospital for rubella. This high 
incidence of grave complications naturally raises the 
question that a virus strain of special virulence has 
been the cause, analogous to that seen in epidemics 
of poliomyelitis. It has also been observed previ- 
ously that complications may be more frequent in 
particular epidemics of rubella (Neal, 1942). The 
varied incidence of rubella embryopathies observed 
in different countries may also cause speculation 
about the existence of different strains of rubella 
viruses. 

Summary 


Three cases of encephalitis and two cases of 
thrombocytopenic purpura in 21 patients with 
rubella are reported. The literature concerning 
these complications is reviewed. 
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MASSIVE PULMONARY EMBOLISM IN A BOY AGED 9 


MAUREEN CASHMAN 
From the Royal Berkshire Hospital, Reading 


(RECEIVED FOR PUBLICATION JULY 9, 1956) 


Massive pulmonary embolism is not normally a 
post-operative complication to be feared in a boy 
of 9 and no description of another case in childhood 
has been found in the literature: it must therefore 
be a rare event. 


Case History 


The patient, a boy aged 9, was admitted to the 
children’s ward at the Royal Berkshire Hospital in 
March, 1956, as a case of suspected acute appendicitis. 
Three days earlier he had complained of feeling sick and 
giddy and also had some central abdominal pain. He 
vomited several times that day and during the next two 
days and the pain persisted. The day before admission 
he passed several loose stools and the night before 


admission had been feverish. He had had a head cold 
with a little cough 10 days earlier which had not cleared 
up completely. 

On admission he was a boy of good physique who was 
flushed but did not look ill. He was febrile (temperature 
102° F., pulse 110), the tongue was furred and the pharynx 
and tonsils were injected. The chest was clinica!|y clear 
and heart sounds were normal. There was lower 
abdominal tenderness, mainly on the right with muscle 
guarding. Bowelsounds were present. There was some 
tenderness per rectum to the right. Urine was normal. 

The lower abdominal tenderness and guarding 
increased during three hours’ observation and appen- 
dicectomy was decided upon. At operation Mr. G. L. 
Bohn found a high paracolic appendix, the tip reaching 


Fic. 1.—Electrocardiograph four hours after embolism. Prominent S.1, tachycardia. 
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1g. 2.—Electrocardiograph four days after embol 


3.—Electrocardiograph 26 days after embolism. Return to normal. 
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to the liver. 
inflamed. 

No chemotherapy was given and over the next four 
days the temperature and upper respiratory tract infec- 
tion settled. A chest radiograph was clear. Culture 
from stools grew no pathogens. 

On the fifth post-operative day he sat up for tea and 
on the following day he got up again in the afternoon. 
He had been sitting in a chair for a few minutes when he 
complained of sudden severe pain in the left side of the 
chest and became dyspnoeic, pale and sweating. The 
degree of collapse rapidly became very severe. 

He was put in an oxygen tent and given 10 minims of 
nepenthe and afterwards there was some improvement 
but a state of severe shock, with a hardly perceptible 
wrist pulse, persisted for about six hours. There was 
some blood-tinged sputum. 

The first electrocardiogram taken four hours after the 
onset of symptoms showed a tachycardia and a prominent 
S in lead | (Fig. 1). 

As the clinical picture was that of pulmonary embolism 
as seen in the adult, he was given 10,000 units of heparin 
intravenously eight hourly for three doses. An initial 


It was difficult to remove but was not 


dose of 100 mg. of ‘dindevan’ was followed by 75 mg. 
the next day, then 25 mg. twice daily, the dose thereafter 
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depending on prothrombin estimation. ‘Dinde\ 


nw 
continued for three weeks, maintaining the prot! oul 
efficiency at 35 to 50%. He was given intran :<cular 
penicillin in addition for the first five days. 

He remained extremely ill for 48 hours and th’ made 
a steady recovery. There was never any cal r leg 
tenderness and there were no further embolic « odes. 
No physical signs appeared in the chest. 

An E.C.G. repeated four days after the onset :0wed 
a steep inversion of T.V.1 and T.V.3 with disp --ment 
of the transition zone to the left (Fig. 2) and this 4s still 
present five days later. After a further week th. acing 
was within normal limits (Fig. 3). 

The E.C.G. appearances of transient acute . + pul- 
monale are characteristically those of massive p. .onary 
embolism and are thought to be due to sudden< -kwise 
rotation of the heart. 

Since discharge from hospital one month . ‘er the 
illness the patient has been well and is now back ... school 
and completely active. A chest film is clear nd the 


heart shadow normal. 


A case of this sort immediately involves a nuinber of 
the hospital team and I am grateful to Dr. J. J. Kempton, 
Mr. G. L. Bohn, Dr. A. Anderson and Dr. A. L. | arnoky 
for guidance and for much advice and help. 
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SALIVARY ELECTROLYTES IN FIBROCYSTIC 
DISEASE OF THE PANCREAS 


BY 


WILLIAM H. JOHNSTON 
From The Hospital for Sick Children, Great Ormond Street, London 


(RECEIVED FOR PUBLICATION JULY 11, 1956) 


The ¢ has been considerable work in recent years 
show! g that other exocrine glands, in addition to 
those secreting mucus, are affected in fibrocystic 
diseas- of the pancreas. 

In |951, Kessler and Andersen showed that 
patien's with fibrocystic disease of the pancreas are 
particularly liable to heat prostration during hot 
weather. In 1953, di Sant’ Agnese, Darling, Perera 
and Shea reported that the sweat of fibrocystic 
patients contained abnormally high values for 
sodium and chloride, and these findings were con- 
firmed by Shwachman, Leubner and Catzel (1955). 
In their original article, di Sant’ Agnese et al. stated 
that not only are the sweat glands involved in 
fibrocystic disease of the pancreas, but there is 


evidence also that the parotid secretory rate is 


increased, and that the values for sodium and 
chloride in mixed saliva are elevated. 

Prader, Gautier, Gautier and Naef (1955) showed 
that the sodium content of mixed saliva is dependent 
on the rate of flow of saliva, the duration of collec- 
tion and the time of day of collection. They found 
that when all these factors were carefully controlled 
they were able to obtain constant results. Prader 
and Gautier (1955) also report that the sodium 
concentration of mixed saliva obtained by aspiration 
was increased in eleven children with cystic fibrosis 
of the pancreas. 

McGrady and Bessman (1955) found that the 
chloride concentration of saliva varied greatly with 
the method of collection, and that consistent results 
were obtained only with parotid secretion. In five 
patients with mucoviscidosis the chloride content of 
parotid saliva was markedly elevated as compared 
with 100 controls. 

The present study was undertaken to analyse the 
parotid secretion for electrolyte content in a number 
of patients with fibrocystic disease of the pancreas 


attend: ng The Hospital for Sick Children, Great 
Ormord Street. 


Method 

The parotid secretion was obtained by placing a small 
metallic collecting device over the orifice of Stenson’s 
duct. The device was made to adhere to the surrounding 
mucous membrane by suction, and the parotid saliva, 
uncontaminated by other salivary secretions, was easily 
collected. 

In all cases, a few crystals of citric acid were placed 
on the tip of the patient’s tongue in order to stimulate 
the salivary flow. The parotid secretion was collected 
for a period of one minute after the onset of flow, and 
usually 0-4 ml. or more of fluid was obtained. Occasion- 
ally, the collection lasted more than one minute in order 
to obtain a sufficient amount of secretion. In each case, 
the volume of fluid was carefully measured together with 
the length of time of collection. The secretions were 
analysed for sodium and potassium concentration by 
flame photometry, and for chloride concentration by 
the method of Van Slyke and Hiller (1947). 

Parotid secretion was analysed by this method in 
31 patients with proven fibrocystic disease of the 
pancreas. Sixty-three patients with various diseases in 
the wards of the hospital served as controls. The 
average age of the fibrocystic group was 6 years, with 
a range from 2 to 14 years. The average age of the 
controls was 8 years, with a range from 2 to 12 years. 

The fibrocystic group consisted of 14 males and 
17 females, and among the controls there were 24 males 
and 39 females. 


Results 
The values obtained are shown in Table | and 
are plotted graphically in Figs. 1, 2 and 3. 


TABLE 1 
ELECTROLYTE VALUES IN PAROTID SECRETION 


31 Cases of Fibrocystic 


Disease of the Pancreas 63 Controls 
Average Range Average Range 
Value Value 
(mEgq/1.) (mEgq/I.) (mEq/I.) (mEq/1.) 
Sodium .. 26-4 6: 1-60°8 14-7 1-8-64-8 
Chloride . 29-3 12-3-54-0 22:1 8-9-54-0 
Potassium 30-2 17-5-50-5 27-7 18-5-48-0 
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31 CASES 


NUMBER OF CASES 
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63 CONTROLS 


NUMBER OF CASES 


63 CONTROLS 


Salivary electrolytes in parotid secretion in 31 cases 


Fic. 1.—Sodium. 
Fic. 2.—Chloride. 
Fic. 3.—Potassium. 
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SALIVARY ELECTROLYTES IN FIBROCYSTIC DISEASE 


Th: results show a considerable difference between 
the « verage concentration obtained for sodium in 
the cises of fibrocystic disease of the pancreas as 
com ired with the controls: 26-4 mEq/l. and 
14:7 nEq/l. respectively. However, there is a wide 
scatt + of values, particularly among the fibrocystic 
grou , and this results in a considerable overlap 
betw en the two groups (Fig. 1). 

Th > difference in chloride concentrations between 
the c »ntrols and the fibrocystic patients is even less 
than ‘or sodium, and the overlap is more marked 
(Fig. 2). The potassium concentrations show 
almc t no difference between the two groups, and 
the ; :tterns are practically identical (Fig. 3). 

Tl: average rate of flow among the cases of 
fibro ystic disease of the pancreas was more rapid 
than in the control group: 0-79 ml./min. for the 
fibro. ystic patients compared with 0-55 ml./min. for 
thecontrols. Also, it was noted that the high values 
obtained for sodium and chloride in both groups 
were associated in the main with a more rapid rate 
of flow, and the low values obtained were associated 
with a slower rate of flow (Table 2). With rapid 


TABLE 2 


SODILM VALUES IN PAROTID SECRETION COMPARED 
WITH RATE OF FLOW OF PAROTID SECRETION 


Rate of | 


Average Value for 
of flow | Sodium (mEq/I.) Standard Deviations 
(ml./min.) 
Fibrocystics Controls | Fibrocystics | Controls 
0-1-0-6 23-6 89 | 17-5 | 18-4 
0-611 19-6 17-2 | 82 | 10-2 


| 36°5 30°5 | 10-5 | 15-5 


The chloride values showed a similar pattern, while the potassium 
values were not affected by the rate of flow. 


rates of flow (over 0-6 ml./min.), the average values 
for sodium and chloride tended to be similar in the 
two groups, while with slow rates of flow 
(0:1-0-6 ml./min.), the average values were much 
higher in the fibrocystic group than in the controls. 
The values for potassium were not affected by the 
rate of flow. 

There was no significant difference in values 
obtained in males and females or in the various age 
groups. Ina number of cases, repeated determina- 
tions were made on the same patient, and the values 
on the whole tended to be constant. The time of 
day that collections were obtained made no 
significant difference. 


Discussion 
A salivary stimulant was used in our experiment 
in order that sufficient secretion could be obtained 
for «nalysis. We obtained a good flow in most 
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cases by placing a few crystals of citric acid on the 
patient’s tongue. Hildes (1955) comparing the 
results of two different stimuli on parotid secretion, 
obtained similar electrolyte values when dilute 
acetic acid was placed on the tongue, and when 
glucose candy was held in the mouth. Similarly, 
Gregersen and Ingalls (1931) found that the secre- 
tion of salivary electrolytes in animals stimulated 
by nerve excitation and by pilocarpine injections 
were the same. 

Numerous authors in the past have shown that 
the sodium and chloride concentration of parotid 
saliva varies with the rate of flow of saliva, while 
the potassium concentration remains constant 
(Hildes, 1955; Burgen, 1956; de Beer and Wilson, 
1932; Thaysen, Thorn and Schwartz, 1954). All 
have found that the sodium and chloride concentra- 
tions in parotid secretion are always lower than in 
blood serum, while the potassium concentrations 
are always higher. Our findings are in agreement 
with those in the literature in this regard. 

In our experiments, concentrations of sodium and 
chloride tended to increase in both the fibrocystic 
group and the controls, as the rate of flow increased. 
The more rapid rate of flow on the average in the 
fibrocystic patients, as compared with the controls, 
undoubtedly accounts for some of the difference in 
values obtained between the two groups. However, 
at the slower rates of flow (0-1-0-6 ml./min.), the 
average values in the fibrocystic group were con- 
siderably greater than in the controls, 23-6 and 
8-9 mEq/l. respectively (Table 2). The standard 
deviations are so high that no definite conclusions 
can be drawn from this, but one can suppose that 
if a weaker stimulus had been used and slower rates 
of flow been obtained there might have been a 
greater difference in values obtained between the 
two groups. It is probable that the lack of con- 
cordance between our results and those of Prader 
and Gautier (1955) and of McGrady and Bessman 
(1955) is due to the difference in strength of stimulus. 

The fact that we found so much overlap in our 
values between the fibrocystic patients and the 
controls makes the determination of electrolytes in 
parotid secretion of little practical vaiue in the 
diagnosis of fibrocystic disease of the pancreas. It 
is likely that the analysis of mixed saliva would be 
of even less value as it would be more difficult to 
control the rate of flow. 


Summary 
The average concentration of sodium and chloride 
in stimulated parotid saliva was elevated in 31 cases 
of fibrocystic disease of the pancreas as compared 
with 63 controls. There was, however, too much 
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overlap between the values obtained in the two 
groups to make the estimation of much practical 
value in the diagnosis of fibrocystic disease of the 
pancreas. The effect of the rate of flow of saliva on 
the values obtained is discussed. 


I wish to express my thanks to Dr. W. W. Payne for 
his constant supervision and helpful suggestions through- 
out the experiments; to Dr. A. P. Norman for allowing 
the analyses to be done on his patients; and to Dr. R. H. 
Wilkinson for his kind assistance on technical matters. 
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THE INCIDENCE OF INFANTILE PYLORIC STENOSIS 
IN THE NORTH-EAST OF SCOTLAND 


BY 


MURIEL M. McLEAN 
From the Royal Aberdeen Hospital for Sick Children 


(RECEIVED FOR PUBLICATION JULY 16, 1956) 


W: ilgren (1941), in Gothenburg, found that 
pylor < stenosis occurred in four out of every 1,000 
infants born alive, but in this country Davison 
(1946 in Newcastle found the incidence to be 2-8 per 
1,000 live births, and Lawson (1951) in Dundee 
founc it to be as low as 1-5 per 1,000 live 
birth. Wallgren, Davison and Lawson all claim 
that ‘heir area was particularly suitable for the 
calculation of the incidence of the disease and that 
few cases can have been missed. MacMahon, 
Record and McKeown (1951) found the incidence 
in Birmingham increasing from 2-1 per 1,000 live 
births in 1941 to 4-2 in 1949, 

In the Aberdeen area the Royal Aberdeen 
Hospital for Sick Children is the only children’s 
hospital serving the City of Aberdeen and the 
counties of Aberdeen and Banff, and it is certain 
that all diagnosed cases of infantile pyloric stenosis 
from that area are seen at the hospital out-patient 
department or treated in the hospital. In a survey 
of pyloric stenosis covering 16 years from 1938 to 
1953, it was found that the number of cases in this 
area rose steadily. 

For purposes of comparison the cases are divided 
into four groups, each group covering a four-year 
period. Cases in Group I occurred in the period 
1938 to 1941, in Group II in 1942 to 1945, in Group 
IIl in 1946 to 1949, and in Group IV in 1950 to 1953. 
As shown in Table 1 the actual number of cases 
increased from 62 in Group I to 120 in Group IV, 
and the incidence, calculated per 1,000 live births, 


TABLE 1 


INCIDENCE OF PYLORIC STENOSIS IN CITY OF ABERDEEN, 
ABERDEENSHIRE AND BANFFSHIRE 


Live | Number of Incidence 

Births Cases per 1,000 

| | Live Births 

— | 

Group I... 26-074 | 62 | 2-37 
Group II .. 26-112 71 2-7 
Group IIl.. 31-731 116 3-6 
Group IV.. 26-477 | 120 4:5 
Total 110-394 | 369 3-3 


increased from 2:37 in Group I to 4:5 in Group IV. 
The incidence over the whole period was 3-3 per 
1,000 live births. 

The incidence of 3-3 per 1,000 births over the 
whole series is only slightly higher than Davison’s 
figure of 2-8, and the figure of 4-5 in Group IV is 
only slightly higher than Wallgren’s 4-0, but com- 
paring the Aberdeen area with Dundee for the 
period 1940 to 1946 quoted by Lawson, in the 
Aberdeen area 141 cases occurred in 47,101 live 
births, an incidence of 3-0 per 1,000 live births, 
whereas in Dundee 32 cases occurred in 21,288 live 
births, an incidence of 1-5 per 1,000 live births. 

The interesting feature of this study is the marked 
rise in incidence of diagnosed cases, from 2-37 in 
Group I to 4-5 per 1,000 live births in Group IV. 
The factors responsible for this increase in incidence 
have been studied. 

It is reasonable to assume that, if a genetic factor 
is involved, as more affected infants survive the 
incidence may increase due to their progeny being 
affected, but the time lapse between Groups I and IV 
is too short for second generation pyloric stenosis 
to appear, and investigation of the family history 
shows that, although a family history of pyloric 
stenosis was obtained in 25 cases, the incidence was 
not affected by survival of diagnosed cases in a 
previous generation, as no parent and only one 
grandparent had been affected. 

More frequent diagnosis might account for the 
increased incidence. Wallgren (1941) suggests that 
pyloric stenosis is ‘diagnosed more frequently in and 
around those towns possessing children’s hospitals 
under the supervision of well trained paediatricians 
than elsewhere’. In the Aberdeen area close contact 
is maintained by general practitioners with their 
parent teaching hospital, and this may to some 
extent account for the high incidence in this area. 
Despite the incidence of 3-3 per 1,000 live births in 
the area over a 16-year period, the doctor population 
is such that only one doctor in 10 had an opportunity 
of seeing a case in his practice in any one year. He 
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TABLE 2 


INCIDENCE RELATING TO TOTAL MEDICAL ADMISSIONS 


Admissions of Babies | 
Total Medical Aged under 3 Months | 


Year | 


Babies Admitted under 3 
Months with Vomiting as 


H 
Babies Admitted | 
under 3 Months 


| % Admissions under } 
Admissions (% Total Presenting Symptom (% of | with Pyloric |Months with Vomiting 
Admissions) , Admissions under 3 Months) | Stenosis | and Pyloric S enosis 
1938-41 1,941 401 (20-7) 162 (40-4) 69 | 
1942-45 1,775 337 (19) 169 (50-1) 
1946-49 2,446 537 (21-9) 296 (55-1) 
1950-53 2,814 757 (26:9) 345 (44-5) | 
1938-53 8,976 2,032 (22-6) 972 (47-8) 


may have to wait 10 years before a case occurs in his 

practice, and he is not, therefore, going to acquire 
skill in the diagnosis of the disease. In this series 
some doctors did have frequent opportunities of 
diagnosing pyloric stenosis. In the 16-year period 
one doctor referred eight cases to hospital, four 
referred seven cases each, four referred five cases 
each, several referred two or three cases each, but 
95 doctors referred only one case each. Although 
he is unskilled in making the diagnosis, the general 
practitioner may have become more aware of the 
frequency of the condition, and may have become 
more ready to refer to hospital any infant who 
vomits persistently. Not all these infants were 
admitted with the diagnosis of pyloric stenosis, and 
not all cases referred as pyloric stenosis were found 
to be suffering from the disease. 

To try and find out whether more infants were 
being admitted to hospital, a study was made 
of all medical admissions from the whole area 
served by the hospital. This area consists of the 
City and County of Aberdeen, the counties of 
Kincardine, Banff and Moray, and the Orkney and 
Shetland Isles. A few cases from areas outside 
Aberdeenshire and Banffshire may go to other 
hospitals either within or outside the area, and for 
that reason the incidence of the disease (Table 1) 
has been calculated for the City and County of 
Aberdeen and Banffshire only, while the admissions 
have been calculated for the whole area. Cases of 
infantile pyloric stenosis are admitted to the medical 
wards, and almost all young infants admitted 
because of vomiting are admitted as medical cases, 
or are transferred to the care of the physicians. 

Table 2 shows that, although there has been a 
steady increase in the number of medical admissions, 
the increase in the number of those aged under 
3 months has outstripped the general increase, the 
difference being most marked between the years 
1946-49 and 1950-53, when the total admissions 


increased by 368, and the admissions 
3 months in age by 220. 

The number of infants admitted to hospital 
because of vomiting has at the same time increased 
from 162 in 1938-41 to 345 in 1950-53. It is 
interesting to note from this table that the percentage 
of infants under 3 months of age admitted to hospital 
because of vomiting, and subsequently found to be 
suffering from pyloric stenosis, has altered very little. 
Pyloric stenosis would appear to be the cause of 
vomiting in four out of every 10 infants under the 
age of 3 months admitted to this hospital because of 
vomiting. The greater the number of vomiting 
infants admitted, the greater the number of cases of 
pyloric stenosis diagnosed. Realization of the 
frequency of the disease probably accounts for the 
increased admission to hospital of vomiting infants, 
and thus some cases are diagnosed which might 
otherwise have died undiagnosed, and some mild 
cases may be diagnosed which might have survived 
undiagnosed. 


under 


Conclusions 


The incidence of infantile pyloric stenosis, as 
studied in the Aberdeen area, has increased during 
the 16 years from 1938 to 1953. 

It is unlikely that there has been a natural increase 
in the disease, and one must conclude that the 
increased incidence is due to more frequent diagnosis, 
probably the result of increasing awareness of the 
condition by the general practitioner, and an in- 
creased tendency on his part to . *fer to hospital any 
infant who vomits persistently. 
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The .ewborn infant of the diabetic mother is large 
and heavy when compared with the normal baby of 
the samme gestation, and his hazardous intra-uterine 
course may be followed by a stormy neonatal one, 
and possibly by death within the first few days of 
life. Ii seems rational to believe that the foetal 
gigantism, the high foetal loss rate and the increased 
neonatal morbidity and mortality may be attribut- 
able to the same basic disorder. The babies with few 
exceptions resemble one another so closely at birth 
that they might well be related and this external 
similarity is paralleled by the similarity of their 
morbid pathology. These morphological features 
exist irrespective of the mother’s age at the onset of 
clinical diabetes, her somatotype or her response to 
injected insulin. 


MORPHOLOGY OF THE FOETUS 


The infants of diabetic mothers are both heavier 
and longer than infants of the same gestational age 
born to non-diabetic women. The weight loss in 
the abnormal group in the first few days of life 
forms a greater percentage of the birth weight than 
inthe normal. This appears to bear out what the 
puffiness of the infants suggests, namely, that 
abnormal fluid retention does contribute toward 
their higher birth weight. Only infrequently, how- 
ever, does it amount to pitting oedema. The 
puffiness of the offspring of the diabetic mother is 
well exemplified in Fig. 1 (a), and the change which 
occurred in one week may be seen in Fig. 1 (b). 
The appearance of these babies and their obvious 
fluid retention led the author to speculate on the 
possibility that adrenocortical overactivity was 
responsible for the clinical picture, and such an 
opinion has also been expressed by Hoet (1954b) and 
by Jackson (1955). 

In addition to these abnormalities of external 
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appearance and dimension attention has been paid 
to certain features which have been described as a 
result of the post-mortem examination of neonatal 
deaths. Abnormal heaviness of the heart has been 
described in a number of cases by Hurwitz and 
Irving (1937), Miller, Johnson and Durlacher (1944) 
and Warren and LeCompte (1952) and denied by 
Cardell (1953). An inconstant increase of glycogen 
in the myocardium has been recorded by Hurwitz 
and Irving (1937), Miller et a/. (1944), and Warren 
and LeCompte (1952). The latter concluded that 
cardiac enlargement occurred with sufficient fre- 
quency to be considered significant, but that this 
could not be attributed to glycogen deposition alone. 
Liver enlargement has been described frequently. 
Increased extramedullary haemopoiesis was first 
noted in the liver and spleen by Ehrich (1934) and 
has been confirmed since by most workers on this 


(a) (b) 
Fic. 1.—Photographs of baby of diabetic woman (a) at birth and 
(b) at 1 week of age. 
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subject. This latter observation and the fact that 
the infants have an increased normoblastaemia have 
been thought by Berglund and Zetterstr6m (1954) 
to represent the result of foetal hypoxia from 
placental insufficiency. Apart from this, however, 
the two most interesting deviations from the normal 
are to be found in the pancreas and the adrenal 
cortex. 


The Pancreas 


Hyperplasia of the islet tissue of the pancreas in 
infants born to diabetic women was first described 
by Dubreuil and Anderodias (1920). Since then 
the finding has been the subject of over 20 papers, 
and the matter has been reviewed recently by 
Pedersen (1952). Efforts have been made to place 
this interesting observation on a sounder basis by 
quantitative determination of the islet tissue 
{Tejning, 1947; Cardell, 1953). The latter found 
that the area of islet tissue in 18 such infants ranged 
from 1-8 to 9-9% of total pancreatic tissue as 
compared with a normal range in newborn infants 
of 0-7 to 2-6%. Thirteen of the 18 cases studied 
showed a predominantly beta cell increase and a 
close correlation existed between the amount of 
islet tissue and the weight of the infant. The latter 
observation is in agreement with such studies as 
those of Okkels and Brandstrup (1938) and of 
Helwig (1940). 


The Adrenals 


The adrenal cortex forms a greater percentage of 
the total body weight at birth than at any other age 
(Tahka, 1951). Its function remains obscure (Baar, 
1954), but its involution from the moment of birth, 
irrespective of the gestational age of the foetus, is in 
favour of its being a response to maternal stimulation 
(Farquhar, 1954). 

Even greater hypertrophy of the cortex has been 
noted, however, in the infants born to diabetic 
women (Jacobsen, 1934; Ringertz, 1943; Torgersen, 
1943; Miller ef al/., 1944; Hultquist, Lindgren and 
Dalgaard, 1946, and Petersen, 1947). Normal 
adrenal glands have been described in these infants 
by Potter, Seckel and Stryker (1941) and by Hultquist 
et al., (1946). The weights of the adrenal glands 
in the series of 13 cases described by Cardell (1953) 
were considered to be proportionate to the increased 
body weight. The infants composing his diabetic 
group were not comparable, however, with the 
control group for the former were considerably less 
mature. As foetal adrenal weight rapidly increases 


during the last month of pregnancy the eventual 
weight of the adrenal cortex might have been 
excessive had pregnancy been permitted to proceed 
to term. The glands may be heavier because the 
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whole baby is heavier, but it could be argued that 
the baby is heavier because the adrenal ccrtex js 
heavier, and its secretion correspondingly inc “eased, 


Resemblance to the Foetus of the Rhesus-se::sitizeg 
Mother 

The morphological features of infants t >rn to 
diabetic women resemble those of babies | rn to 
Rhesus-sensitized mothers (Miller et al., 1944), 
Abnormal extramedullary haemopoiesis, in reased 
normoblastaemia, cardiac hypertrophy, islet hyper- 
plasia and possibly abnormally heavy adrena: glands 
exist in both groups. The erythroblastotic nfants 
also tend to be of greater than normal birth -veight, 
The external resemblance of the two group: . how. 
ever, is not obvious and the pathological resen blance 
may be more apparent than real (Cardell, 195 :), 


ADRENOCORTICAL DISTURBANCE AND 
THE CLINICAL COURSE 

It is reasonable to suspect that if the external 
appearance of the infants born to diabetic women 
should be the result of hyperadrenocorticism then 
this disturbance may also be the cause of the high 
foetal loss rate and the morbid or fatal neonatal 
course. 

These babies may show a variety of disturbances 
in the newborn period. They may be subject to one 
or multiple attacks of apnoea which, although 
alarming, are fortunately brief and from which they 
usually recover. Alternatively they may develop at 
any time during the first hours of life increasingly 
rapid and difficult respiration with costal indrawing 
and poor air entry and scattered moist sounds may 
be heard in the chest. In this state they commonly 
emit a continuous expiratory murmuring sound. 
The babies may be limp and inactive or they may 
show an unusual tremor or exaggerated and pro- 
longed Moro reflex which has been mistaken by the 
inexperienced for twitching and which has been 
ascribed falsely to hypoglycaemia. The picture of 
prolonged respiratory distress is a sinister one and 
it may progress to death. 

The signs of adrenal haemorrhage in the newborn 
infant have been described by Goldzieher and 
Gordon (1932). Dyspnoea is the principal feature 
but there may be associated cyanosis, shock and 
hypoglycaemia. They referred to animal exper 
ments in which respiratory embarrassment followed 
bilateral adrenalectomy and was removed by the 
giving of adrenocortical extracts. This ‘pseudo- 
pneumonia infantum’ of adrenal haemorrhage is no! 
unlike the clinical course of some infants born t0 
diabetic women. 

Acute adrenocortical failure may occur in the 
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absenc' Of such a grossly destructive lesion as 
yemo rhage. The maternal adrenal cortex is 
jorma! y more active in pregnancy and the secretion 
of cor’ coids increases significantly. The normal 
jetus 1as a large adrenal cortex which appears to 
bea re ponse to maternal stimulation and if so the 
jkelies stimulus would be corticotrophin. The 
jorma! secretion of corticosteroids in the urine by 
yewbo: 1 babies has been shown to be low in the 
frst fev days. It then increases and this may 
represe ‘t the delay between losing maternal stimula- 
ion to the foetal cortex and the baby’s replacing 
it with 1is Own corticotrophin. Should that be the 
case th n the greater stimulation responsible for the 
larger « ortex of the foetus of the diabetic pregnancy 
might te followed by a longer or greater temporary 
depress on of adrenocortical function. 


INVESTIGATION 


The only laboratory index of adrenocortical 
function available at the start of the investigation 
in 195! was the enumeration of eosinophils in the 
peripheral blood. It was decided to carry out 
absolute eosinophil counts in these babies at birth, 
at3 and 6 hours afterward, and daily thereafter at 
§30a.m. The latter hour was selected as the blood 
sugar was being determined then, and it was con- 
sidered expedient to observe whether any relation- 
ship existed between the behaviour of these two 
features. A group of infants born to non-diabetic 
women and conforming to certain criteria of 
normality was studied similarly, and the results have 
been published (Farquhar, 1954). It must be 
stressed that the two groups were not closely 
comparable for the abnormal infants were born at 
the 36th week by caesarean section whereas the 
norma! infants were delivered vaginally at term. 

The eosinophils were enumerated by the method 
of McArthur, Smart, MacLachlan, Terry, Harting, 
Gautier, Godley, Swallow, Simeone, Zygmuntowicz, 
Christo, Crepeaux, Point and Benson (1954). The 
blood sugar was determined in duplicate by the 
method of Ramsay as described previously by 
Farquhar (1954). It was also intended to observe 
the eosinopenic response to corticotrophin on 
different days of life as an index of adrenocortical 
lunction, but, after the test had been evaluated in 
iormal newborn infants (Farquhar, 1955), it was 
judged that it would be of no assistance in this 
investigation. 

The opportunity of assessing adrenocortical 
lunction more directly arose in 1954 when Dr. J. S. 
Robso: and Dr. R. Renwick undertook to deter- 
mine the urinary secretion of acid stable formalde- 
hydogcnic steroids (A.S.F.S.) and 17-ketosteroids 
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in these infants. The provision of an acceptable 
control group has proved to be an almost insur- 
mountable obstacle. The diabetic pregnancy is 
usually terminated at about the 36th week by elective 
caesarean section, and the number of non-diabetic 
pregnancies which are terminated similarly is very 
small. A study of the records of the Simpson 
Memorial Maternity Pavilion has shown that of 
over 3,000 annual deliveries there are only about six 
elective caesarean sections between the 35th and 
37th weeks of gestation. Because of the risk of 
introducing infection by indwelling catheters in baby 
girls only male infants were eligible for inclusion in 
the control study. 

The available alternatives were to study a group 
of infants who were delivered vaginally at full term 
or a group of infants delivered by caesarean section 
at from 36 to 41 weeks. It was decided in the first 
place to study the former of these alternatives, and 
a comparison with the latter is now taking place 
and will be published later. The difference in 
gestation between the diabetic and non-diabetic 
groups in this study is less of a bar to their com- 
parison than the route of delivery, for Bjorklund 
(1954) has shown that the urinary secretion of 
adrenocortical steroids by prematurely born infants 
is significantly less than in those born at full term. 
In that case then the demonstration of significantly 
higher levels of such steroids in the urine of a less 
mature group (the babies of diabetic women) than 
in the full-term control group would be of added 
importance. It is questionable if caesarean section 
is a less stressful event for the foetus than vaginal 
delivery. In the former case, however, the foetus 
is much less likely to show any evidence of the 
increased activity of the maternal adrenal cortex 
which is believed to take place in labour and so the 
demonstration of higher levels of adrenocortical 
steroids in the infants’ urine might be of greater 
significance. 

Collection of Urine 

Urine was collected from affected female infants by 
means of a specially made Foley self-retaining catheter 
of 10 F.G. which had a 3 ml. capacity balloon. The 
apparatus for the male was simple but effective (see 
Fig. 2). It consisted of a finger cot (D) which was rolled 
over and strapped on to the infant’s penis. The former 
was attached to a glass tub2 (C) and this was inserted 
into a glass 6 in. by 1 in. test tube (A) for about 14 in. 
and connected to it by latex colostomy tubing (F). A 
small piece of polythene tubing (B) was pushed through 
a pin prick in the latex tubing and strapped to the glass 
connecting tube. The former opened about one inch 
nearer to the baby than the latter, so that leakage of 
urine was avoided. A long length of polythene tubing 
(E) was passed to the bottom of the test-tube through 
another puncture in the latex, and the external end was 
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Fic. 2.—Apparatus designed to collect urine from male infants. 


occluded by an accurately fitting cannula and stilette. 
The infants were nursed in such a position that voided 
urine flowed easily into the test-tube, air being displaced 
through tube B. The urine was immediately aspirated from 
the test-tube by means of a syringe attached to the metal 
cannula and it was then expelled into the collecting bottle 
which was kept in the refrigerator. A small butterfly 
splint retained the infant’s legs at such an angle of 
abduction that they could not interfere with the apparatus 
The acid-stable formaldehydogenic substances in the 
urine were determined quantitatively by a modification 
of the method of Tompsett (Tompsett and Smith, 1954). 
The 17-ketosteroids were measured by the M.R.C. 
method (Medical Research Council, 1951). 


RESULTS 

Eosinophils 
The First Six Hours. A spontaneous decrease in 
the number of circulating eosinophils from birth to 
the sixth hour was observed in every infant of the 
abnormal group with the exception of Case 59 in 
which after an initial fall the number increased by 
the sixth hour to a figure which just exceeded the 
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birth level. In the larger group of norma! 
the behaviour of eosinophils was less consist: 
study of Fig. 3 and Table 1 shows that si 
infants (18-75 %) in the latter group responc 
a variable rise in the eosinophil count in th 
from birth to six hours and that in 11 inf. 
eosinophils increased in number from the 

the sixth hour after an initial fall after birth. 

shows that the percentage decrease from 

six hours was usually considerably greate 
infants of the abnormal group than in the 
series, almost 90°% of individuals in the fo 
compared with only 25% of those in th 
producing decreases greater than 40% of t 
level. Alternatively if the maximum eo 
decrements within the first six hours are cc 
then the eosinopenic responses in the al 
group are still seen to be the greater. 
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Second to Tenth Days: Normal Group. A 
description of the types of behaviour of the eosino- 
phils in the babies of this group has been published 
(Farquhar, 1954). No consistent pattern was found. 
Seven infants showed a fairly progressive fall in 
eosinophils from birth, in nine there was a con- 
tinuous upward trend, in 11 the values fluctuated 
widely from day to day and in five progressive 
decrease in the eosinophil count followed an initial 
steep rise from the first to the third day. The 
figures reached at that point in this latter type were 
so high that they dominated the mean for the group 
as a whole, with the result that in this and other 
published studies it appeared from the arithmetic 
mean as if the eosinophil levels of newborn infants 
rose from birth to the third day and then fell. No 
correlation was found to exist between the fluctua- 
tions in eosinophil levels and clinical behaviour. 


Second to Tenth Days: Abnormal Group. Several 
patterns of eosinophil movement were also observed 
in this group. Cases 60, 64, 70, 71, 72, 74, 75 and 8} 
all showed a rise from the second day, a peak occur- 
ring between days 4 and 7 (pattern A,). A les 
obvious rise to the same point was observed in 
Cases 63 and 65 (pattern Ao). In Cases 85 (a 
and 88 a similar rise occurred, but the peak was nol 
reached until days 9 and 8 respectively (pattern A\) 
A curious high early peak on the third day wa 
followed by a lower second peak on the seventh da) 
in Case 69 (pattern B). Insignificant daily variation 
(pattern C) was seen in Cases 59 and 85 (b) and in 
Case 73 a steady fall in the eosinophil count took 
place from the third day (pattern D). 

The mean curve (Fig. 4) reflects the above faci 
in that a rapid fall occurred in the first six hours 
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1. No 
luctua- 
Ir. 
een INDIVIDUAL PATTERNS OF THE EOSINOPHIL LEVEL IN 17 INFANTS BORN TO DIABETIC WOMEN 
Hours Days 
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‘ | | 
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TABLE 2 
FREQUENCY DISTRIBUTION OF SPONTANEOUS EOSINOPHIL CHANGES IN NORMAL AND ABNORMAL GROUPS 


Time 


Group Interval 


Percentage 
of Infants 
Showing 
Increase in 
Absolute 
Eosinophils 


Percentage of Total Group Showing Varying Percentage Decrements in Absolute 


Eosinophils 


0-9 


10-19 


20-29 


30-39 40-49 50-59 | 60-69 70-79 | 80-89 


| 
| 
(Total 32) | 


18-75 


15-6 


18-75 


9-4 6-25 


Birth to 3 
or 6 hr. 
(lowest) 
eosinophil 

figure 


Normal 
Infants 
(Total 32) | 


Birth 
to 
6 hr. 


Abnormal 
Infants | 
(Total 17) 


INF 


1000) 10004, 20 
E0S 
\ 
\ 
. 
500 / 500 500 
‘ \ 
0 0 0 0 ail 
6 62545673910 B.2345678910 B.2345678 910 
5007 CASE 21 500) 234 23 5004 24 
\ \ 
| \ 
\ / 
1 \ \ ren, ~ \ 4 \ / \ 
0 0 0 0 = 
B.2345678 910 B.234567 8910 6.2 5 «5 € 7 8 9 10 B2345678 
1000, CASE 25 10005 26 10005 27 1000+ 28 
1 \ 
\ 
/ \ In “A A | \ 
\ \ / \ \ \ ~~. 
0 0 0 0 — 
678910 B.234567 8910 B.23 45678910 B.2 34 5 6 
30 31 32 
|_| 
500 : 500 500 500 
\ 
\ \ % 
0 0 0 slig! 
B.2345678910 B.2345678910 25456 7 69:10 B.2345678 910 
leve 
are 
cort 
gluc 
and 
vie\ 
new 
and 
| plac 
tan 
adr 
Birth | | | | the 
6 hr. | | | twc 
| 
| | | : 
18-75 18-75 9-4 | 15:6 3-1 | 21-9 3-1 31 Bet 
| | | | | 
| | | | | 17 
| | | | det 
5:9 5-9 11-8 | 23-6 | 17:6 | 17-6 — or. 
| | | | | 
| | | | | | | | | | | | bat 


JPS 


EOSINOPHILS 


C.MM. 


ry 4 


4 
HOURS 


was followed by a rise to the fifth day and then by a 
slight decline. 


Correlation with the Blood Sugar Values. The 
level of the blood sugar and the eosinophil count 
are influenced in opposite directions by the gluco- 
corticoids of the adrenal cortex, e.g., an increase in 
glucocorticoid secretion will have an eosinopenic 
and .a diabetogenic influence and vice versa. In 
view of the low blood sugar values described in 
newborn infants, the apparent tendency of the latter 
to have rising eosinophil counts at the same period 
and the dramatic involutionary changes which take 
place in the neonatal adrenal cortex, the simul- 
taneous movement of these two indirect indices of 
adrenocortical function was studied in the normal 
group and it was shown (Farquhar, 1954) that no 
correlation existed. It may be seen from Fig. 4 that 
there is no simultaneous opposite movement in the 
two features in the abnormal group either. 


Correlation of Eosinophil Count with Clinical 
Behaviour in Infants of Diabetic Women. In the 
17 infants in whom frequent eosinophil values were 
determined five showed some abnormal dyspnoeic 
or apnoeic incident at some stage and of these one 
baby died at the age of 16 hours. It may be seen, 
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Fic. 4.—Arithmetic means of the eosinophil levels in a group of 
normal infants and in a group of infants of diabetic women. NORMAL == 


however, fro 
correlation 


m Table 3 and Fig. 5 that there was no 
whatsoever between any particular 


eosinophil pattern or change and the clinical 


disturbances. 
TABLE 3 
EOSINOPHIL PATTERNS 
| Birth 
Case Weight Eosinophil | Clinical Incident 
No. | (g.) Pattern 
59 | 3,742 | ay | No incident 
60 | 2,835 | Al 
63 | 4,132 | A2 ae 
64 | 5,032 Al 
65 | 3,019 A2 
69 | 3,820 B Prolonged respiratory distress 
; until day 4 
70 | 3,728 | Al | No incident 
71 3,615 Al 
| 3,282 Al 
73 «| 3,097 | D 
74 =| 3,402 | Al | Brief cyanotic attack on day 5 
7 Al No incident 
83 | 2,693 | Al ag 
84 | 1,701 | Continuous | Death at 16 hours. (Terminal 
| fall | count 34/c.mm.) 
85(a) | 2,438 A3 Brief cyanotic attacks on days 3, 
} 6 and 8 
85(b) | 2,495 No incident 
| 2,445 A3 | Brief cyanotic attack at fifth hour 
Al. Rise from day 2. Peak day 4-7 
A2. Less obvious peak day 4-7 
A3. Later peak (day 8-9) 
B. Two peaks, days 3 and 7 
C. Insignificant daily variation 
D. Steady fall from day 3 
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Urinary Excretion of Acid-Stable Formaldehydogenic 


59 


Steroids and 17-Ketosteroids 


Acid-stable Formaldehydogenic Steroids. 
be seen from Fig. 6 and Table 4 that the urinary 
excretion of acid-stable formaldehydogenic steroids 
(A.S.F.S.) was higher in the abnormal than in the 


The number of infants in each group is small and 
unsuitable for statistical examination. 
preliminary study, the results of which have led to 
a more detailed investigation which is now in 
progress and in which a different control group is 
being employed. 


This is a 


It may 
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Fic. 5.—Serial blood sugar and eosinophil levels in 16 newborn infants of diabetic women. 


100 


normal infants on the first day of life. 


With the 


exception of one baby in the control group who had 
had a single unexplained ‘apnoeic’ attack shortl) 
after birth the A.S.F.S. excretion of the abnormal 
group still exceeded that of the normal on the second 
day, although the distinction was less obvious. The 
A.S.F.S. excretion of the two groups on the third 


day was very similar. 


In the abnormal group the A.S.F.S. excretion 
increased from the first to the second day in II 
babies, and decreased in three, whereas in the 
normal group the excretion increased in all sever. 
Of those babies in whom the urine collection was 
continued for three days the A.S.F.S. excretion 
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Fic. 6.—Serial daily urinary excretion of acid-stable DIABETIC NORMAL 


formaldehydogenic steroids. 
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increased from the second to the third day in two of 


the abnormals and decreased in five, as compared 
with an increase in three of the normals and a 
decrease in two. In this study, therefore, the infants 
born to diabetic mothers excreted more A.S.F.S. 
on the first day than those born to non-diabetic 
women, but the latter group showed a rising trend 
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and by the third day of life there was little difference 
between them. 


17-Ketosteroids. Reference to Fig. 7 and Table 5 
shows that there is no apparent difference of 
17-ketosteroid excretion between the two groups on 
any of the three days studied. In the abnormal 


TABLE 4 
URINARY EXCRETION OF ACID-STABLE FORMALDEHYDOGENIC STEROIDS 


| Day 1 
| 


Day 2 Day 3 


| Absolute | Excretion 
Case Excretion per m? 
Number (mg./24 hr.) | 


Absolute | Excretion Absolute Excretion 
Excretion per m? Excretion per m? 
(mg./24 hr.) (mg./24 hr.) 


0-069 
Not 
Not 
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No 


Abnormal 
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Not done 
Not done 
Not done 
Not done 
Not done 


Not done 
Not done 
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8 10 om” i 
THIRD 
8 10 
8 10 
h | 0-49" | 0-37 done 
| 0-19 0-26 -42 done 
0-02 | 1-14 48 0-93 4-47 
— | 0-28 | 0-42 | -28 | 0-47 2-55 
‘ 0.28 | 0-74 | -52 | 0-86 
0-27 0-29 | 0-23 | 1 
99 0- | 3-95 | 
00 69 0. | 3-49 | 
ior | 43 0: 3-70 | 0-79 4:36 
102 58 0- | 4:38 0-666 3-60 
fo | 38 0: 3-12 0-47 2-49 
106 | 5 0. 3.39 0-67 3.07 
| 0-9 3-78 
112 | 33 4-18 0-23 1-11 
6 


Fic. 7.—Serial daily urinary excretion of 17-ketosteroids. 
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group eight showed an increase and four a decrease 
in excretion from the first to the second day, whereas 
three showed an increase and three a decrease over 
the same period in the normal group. 

From the second to the third day three of the 
abnormal group showed an increase, two a decrease 


ARCHIVES OF DISEASE IN CHILDHOOD 


DIABETIC NORMAL 
@ PROLONGED DYSPNOEA 
@ APNOEIC ATTACKS 4) 
© UNEVENTFUL Oo 


+ DEATH 


INFANTS OF NORMAL WOMEN 


w 
oO 
L 


oO 


17-KETOSTEROIDS mg / 24 hr 


uw 
1 


FIRST 
DAY OF LIFE 


and one no change, whereas one of the normals 
showed an increase and four a decrease. 


Excretion/Body Surface Area. 


babies of diabetic women are generally abnormally 
large for their gestational age there was no appreci- 


TABLE 5 
URINARY EXCRETION OF 17-KETOSTEROIDS 


Although the 


Day 1 | Day 2 | Day 3 
Case Absolute Excretion Absolute Excretion | Absolute Excretion 
Group Number Excretion per m? Excretion per m? Excretion | per m? 
| | (mg./24 hr.) (mg./24 hr.) | (mg./24 hr.) | 
g 1-445 6-28 1-101 4-79 1-006 | 4:37 
h 1:01 5-43 0-98 Not done 
i | 1-001 5-47 0-986 5-39 Not done 
Normal j Not done | 2:46 | 11-83 1-69 8-13 
k | 1-06 5-76 1-08 | 5-87 0-97 5-27 
1 | 0-41 1:95 1-8 8-57 0-93 4-43 
m 0:97 5-03 1-11 5°75 | 1- 6°84 
95 0-96 5°27 1:27 | 6-98 Not done 
96 1-82 8-92 1-02 5-00 Not done 
| 98 1-57 6-33 | 1-50 | 6-05 Not done 
99 1°125 7°81 1-360 9°44 | Not done 
100 1-60 9-15 1-67 9-51 Not done 
101 0-92 5:06 1:04 5-76 1-08 5-98 
Abnormal | 102 1-00 5-40 2:22 12-0 3-18 ‘7-3 
103 1-12 5-93 1-24 6-56 | 1-03 5-45 
104 0:97 5-05 1-11 5-78 | 1-32 6°88 
106 1-88 | 8-62 1-09 | 5-00 | 0-99 | 4-54 
107 0-54 2:48 | 0-85 | 3-90 Not done 
110 Not done Not done Not done 
| 111 Not done Not done | Not done 
| 112 1-40 1-10 | 5-29 1-10 | 5-29 


m* = body surface in square metres. 
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Fic. 8—Graph showing daily urinary excretion of A.S.F.S. against 
body surface area on first day of life. 


able difference in the size of the infants making up 
the normal and the abnormal groups in this 
study, as those of the latter were delivered 
prematurely. It was decided, however, to com- 
pare the excretion of A.S.F.S. and 17-keto- 
steroids on the basis of unit surface area as 
well as in the absolute terms used above. 
The surface area of each infant was found 
from the nomograms of Crawford, Terry and 
Rourke (1950), but unfortunately only the 
birth weight was available as the urine 
collection interfered with weighing on the 
second and third days. This means that the 


figures for hormone excretion on these two URINE 
days should be a little higher than those VOLUME 
given, for the surface area then would be less ML/24 HR. 


than at birth. The figures for the abnormal 
group would be more affected than those 
for the normal as the babies of diabetic 
mothers lose a great percentage of their body 
Weight in the first few days. 

On the basis of surface area the excretion 
of A.S.F.S. was again higher in the abnormal 
than in the normal group on day 1, less 
obviously so on day 2, and it was no different 
from the normal on day 3, whereas there was 
no diference in the excretion of 17-keto- 
steroics in the two groups on any day. It 
may b. seen from Fig. 8 that no very definite 


100 


90) 


80 


70 


40 


correlation existed between the body surface area 
of infants in either group and the absolute excretion 
of A.S.F.S. on day 1 so that the higher excretion 
seen in the babies of diabetic mothers could not be 
explained on the basis of greater size. 


Daily Urine Volume. The daily urine volume of 
the infants born to diabetic women was higher than 
that of the control group (Fig. 9). The excretion 
of A.S.F.S. on day 1, however, in the abnormal 
group was unrelated to the volume of urine passed 
(Fig. 10). The lower volumes of urine passed by the 
control group in the first 24-hour period particularly 
did not prevent the infants from excreting as much 
17-ketosteroids as those of the abnormal group. 
In neither group was an increase or a decrease in 
urine volume passed from day to day necessarily 
accompanied by a corresponding increase or 
decrease in the excretion of A.S.F.S. or 17-keto- 
steroids. 


Correlation of Hormone Excretion with Clinical 
Behaviour in Infants of Diabetic Women. The 
excretion figures have been correlated with. the 
clinical courses of the babies. Prolonged dyspnoea 
occurred in three of the infants for whom the 
A.S.F.S. excretion was known. One of these died 
after having shown a high excretion of A.S.F.S. but 
one perfectly asymptomatic infant in the abnormal 
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Fic. 9.—Daily urinary output in newborn infants. 
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Fic. 10.—Graph showing daily urinary excretion of A.S.F.S. against 
the daily urinary output in the first 24-hour period. 


group had eacreted more. A _ second of these 
dyspnoeic babies had high excretion and a third 
showed a rapid increase in excretion from the first 
to the second day and improved clinically over the 
same period. None of these three infants showed a 
decrease in the amount of A.S.F.S. excreted. Infants 
who had apnoeic attacks are scattered through the 
group and their behaviour bears no consistent 
relationship to the amount of A.S.F.S. excreted or 
to increases or decreases in excretion. In the two 
very symptomatic infants for whom the 17-keto- 
steroid excretion was known there was an 
insignificant decrease to death in one and a steep 
increase in Output in the other over the period of 
progressive clinical improvement. There was no 
consistent relationship between the occurrence of 
brief cyanotic attacks and the excretion of 
17-ketosteroids. 


DISCUSSION 


The principal abnormalities of infants born to 
diabetic women are their abnormal weight and 
length, fluid retention, hyperplasia of the pancreatic 
beta cells and possible enlargement of the adrenal 
cortex, cardiomegaly and excessive glycogen storage. 


The Production of Pancreatic Islet Hyperplasia 


The part played by pancreatic beta cell and con- 
sequent insulin deficiency in the development of 
many cases of diabetes mellitus makes the finding 
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of beta cell hyperplasia in the foetal pancre«s of 
great importance and it is interesting to con:ider 
the possible causes of it. 


Hyperglycaemia. The maintenance of hyper- 
glycaemia in guinea-pigs (Woerner, 1938) resulted 
in hyperplasia of the pancreatic beta cells and 
simultaneous degranulation. Intravenous glucose 
given to dogs for four days produced islet hyper- 
plasia (Houssay, Foglia, Smyth, Rietti and Houssay, 
1942) and prolonged hyperglycaemia in cats (Dohan 
and Lukens, 1948) resulted in beta cell stimulation, 
their eventual exhaustion and the development of 
diabetes mellitus. Tejning (1947) found that rats 
fed on a free high-carbohydrate diet had significantly 
more islet tissue than controls fed on other diets 
and Wissler, Findley and Frazier (1949) forcibly fed 
rats with a high carbohydrate diet and produced 
abnormal islet hyperplasia. Indirect evidence of the 
effect of hyperglycaemia on the pancreatic islets is 
provided by the work of Hultquist (1948a, 1948b) 
who found islet hyperplasia in the offspring of rats 
who had been rendered diabetic in pregnancy by 
pancreatectomy. Direct evidence of the influence 
of a rising blood sugar on insulin secretion in the 
human subject was provided by Bornstein (1950) 
who showed that the ingestion of glucose was 
followed by an increase in plasma insulin levels. 


Pituitary Growth Hormone (P.G.H.). This may 
stimulate the pancreatic beta cells either directly or 
indirectly. In single doses or in short courses it 
may provoke hypoglycaemia in experimental animals 
(Milman and Russell, 1949) and it can stimulate 
hyperplasia of the islets of Langerhans (Ogilvie, 
1944; Conn, 1945; Young, 1953). It has, however, 
a diabetogenic action if administration is prolonged 
and it can produce irreversible damage in the islets. 
Pituitary growth hormone has been employed 
intentionally for this purpose in the treatment or 
hyperinsulinism (Black, Macdougall, Reid and 
Young, 1952). The hormone may be diabetogenic, 
however, in the total absence of the pancreas 
(Anderson and Long, 1948). It is known to interfere 
with the hexokinase reaction which introduces 
glucose into the metabolic machinery. By exerting 
economy on the use of glucose in this way, P.G.H. 
would lead to further insulin production. Increased 
insulin activity has been claimed to exist in the 
plasma of acromegalic diabetics (Randle, 1954). 
The observations of Bornstein, Reid and Young 
(1951) suggest that P.G.H. also stimulates the release 
of a glycogenolytic factor (glucagon) from the 
pancreatic islet cells so providing a further glycaemic 
urge to insulin secretion. 
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Glucocorticoids of Adrenal Cortex. The gluco- 
corticoids of the adrenal cortex have a diabetogenic 
action by their ability to depress carbohydrate 
utilization and increase the rate of glyco- 
neogenesis. They render diabetes in man more 
severe and may be used in the prediction of the 
condition by their influence upon the glucose 
tolerance test (Fajans and Conn, 1954). Conversely 
bilateral adrenalectomy will reduce or remove the 
need for insulin. The hyperglycaemic urge provided 
by glucocorticoids will be contained for as long as 
possible by an increased secretion of insulin. The 
administration of cortisone to experimental animals 
has been followed by beta cell hyperplasia in the 
pancreatic islets (Frawley, 1953; Hausberger and 
Ramsay, 1953). 


Diabetogenic Factors and Foetal Gigantism 


Hyperglycaemia. Simple maternal —hyper- 
glycaemia does not provide a satisfactory explana- 
tion for the production of giant babies. The 
diabetic woman may have produced excessively 
heavy babies for years before her carbohydrate 
tolerance fell and her blood sugar level rose above 
the normal renal threshold (Miller et al., 1944; 
Gilbert and Dunlop, 1949). The normality of the 


prediabetic patient’s blood sugar level, however, 
fails to portray the struggle by which it is main- 


tained and the other effects of such a closely strained 
conflict (obesity, retinopathy, nephropathy, embryo- 
pathy, beta cell hyperplasia and eventual exhaustion) 
may proceed simultaneously if with varying velocity. 
The fact that the prediabetic mother’s blood sugar 
level may be normal does not exclude the possibility 
that her foetus is using sugar to excess in order to 
help maintain their mutual carbohydrate equili- 
brium. 


Pituitary Growth Hormone. The possible part 
played by P.G.H. in the production of diabetes 
mellitus has received much attention in recent years. 
Evans, Meyer, Simpson and Reichert (1932) treated 
puppies with daily injections of a growth-promoting 
extract of the anterior pituitary gland and noted the 
development of diabetes mellitus in a number after 
a period of months. Similar observations were 
made by Houssay and Biasotti (1931) in normal and 
in partly depancreatized animals using a crude 
anterior pituitary extract. These findings were 
confirmed by Young (1936, 1937) in intact dogs and 
cats using crude anterior pituitary extract and later 
by using a highly purified anterior pituitary growth 
factor (Cotes, Reid and Young, 1949). Young 
(195!) observed that the young animal responded to 
P.G.'\. with accelerated growth, but, as the latter 


decelerated, evidence of diabetes mellitus appeared. 
He concluded that 
‘in the human being a slightly excessive rate of 
secretion of growth hormone, insufficient to cause 
overt signs of acromegaly, but lasting a long time, 
might lead to a prolonged but not excessive restraint 
upon the processes of carbohydrate and protein 
catabolism and oxidation, combined with the 
increase in appetite characteristic of growth hor- 
mone activity, so that diabetes ultimately develops.’ 
Pituitary growth hormone is concerned with the 
retention of nitrogen and not fat and so it does not 
appear to be directly responsible for the obesity of 
diabetic adults. The abortion of giant foetuses and 
excessive weight gain by the mothers was noted by 
Watts (1935) when pregnant rats were given injec- 
tions of anterior pituitary extract. Similar results 
were obtained by Lawrence and Oakley (1942) who 
gave prolan to pregnant rabbits. Foetal overgrowth 
was also observed by Barns and Swyer (1952) to 
follow the injection of either anterior pituitary 
extract or of a preparation of growth hormone into 
pregnant rats but it was acknowledged that the 
resulting prolongation of the pregnancies and the 
reduction of litter size in the treated groups by 
intra-uterine death and foetal resorption might have 
contributed to the greater size of the survivors. 
Should the postulated pituitary growth hormone 
excess be so small, as Young suggested, that it fails 
to produce overt acromegaly and results in clinical 
diabetes mellitus only after years of interplay with 
the pancreas it is perhaps more difficult to under- 
stand why it should accelerate growth in the foetus 
only in the last trimester of pregnancy. (Cardell 
(1953) showed that before the 30th week of gestation 
the foetuses of diabetic women were not remarkable 
for their size.) It would be necessary to believe that 
P.G.H. secretion is increased temporarily over that 
period or that during these months foetal tissue is 
particularly sensitive to its influence. Severe acro- 
megalics may show no evidence of diabetes mellitus 
and further doubt is cast upon the belief that 
maternal P.G.H. is responsible for foetal overgrowth 
by the observation of Jackson (1954) that infants 
born to acromegalic or pre-acromegalic mothers, 
although they were larger than those born to normal 
women, were significantly smaller than those born 
to prediabetic women. Were Young’s hypothesis 
correct, then it would be anticipated that infants 
born to acromegalic women would be as large or 
larger. 


Hyperadrenocorticism. As simple hyperglycaemia 
cannot be the operative factor stimulating the 
baby’s pancreatic beta cells and foetal growth in 
prediabetes, and as there are some difficulties in 
accepting the responsibility of P.G.H. it was felt 
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that it might be worth while examining the pos- 
sibility that glucocorticoids provided the diabeto- 
genic influence. It is known that the hormonal 
response to pregnancy includes a great increase in 
the production of adrenal cortical hormones (Cope, 
Boysen and McCrae, 1951; Gemzell, 1953; Bayliss, 
Browne, Round and Steinbeck, 1955) and it is claimed 
that their excretion in the urine approaches that 
which takes place in Cushing’s syndrome (Lukens, 
1954). The production of corticosteroids may be 
greater in the pregnant diabetic than in the pregnant 
non-diabetic woman (Hoet, 1954a). It is known that 
non-pregnant diabetics may secrete an excess of 
adrenal corticosteroids. It was considered origin- 
ally that this was a response to shock or to infection, 
but it has been shown that it occurs also in incipient 
coma if insulin is withdrawn in young diabetics 
(McArthur, Sprague and Mason, 1950). The 
opinion has been expressed by Simpson (1952) that 
in a large proportion of middle-aged fat diabetics 
the diabetes is of pituitary-adrenal origin. Increased 
amounts of circulating free corticoid in the sera of 
diabetic children in acidosis and in coma were 
demonstrated by Klein, Papadatos, Fortunato and 
Byers (1955) and in a further study Klein, Weigand, 
lunes and Greenman (1956) found that children 
with treated diabetes mellitus had free serum 
corticoid levels which were significantly higher than 
those of normal children. The level of serum 
corticoids was directly related to the amount of 
reducing substances found in the urine. Should it 
be the case that the younger diabetic does in fact 
have an abnormally high secretion of corticoids, 
then it might be anticipated that a prolonged stress 
such as pregnancy would provoke further adreno- 
cortical activity and an increased diabetogenic effect. 
The increased secretion of glucocorticoids in normal 
pregnancy exerts a diabetogenic effect which is 
contained by the opposing mechanism. It has been 
shown, for example by Rosenloecher (1932), that 
normal pregnancy is accompanied by pancreatic islet 
hyperplasia in the mother and this has been demon- 
strated repeatedly in experimental animals. In 
prediabetic and diabetic women, however, measur- 
able changes in carbohydrate tolerance occur in 
pregnancy and it is more usual to find that the 
maternal insulin requirement rises appreciably and 
that it falls dramatically after delivery (Rolland, 
1954). It is interesting to note that the maternal 


secretion of glucocorticoids accelerates from about 
the 30th week of gestation and that foetal overgrowth 
in the diabetic pregnancy begins about the same time. 
The administration of cortisone to a pregnant rabbit 
has been followed by the delivery of excessively 
large stillborn foetuses (de Costa and Abelman, 
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1952). Similar experiments have been carriec out 
by Hoet (1953) and by Brasseur (1953), pregr ancy 
ending in abortion or in intra-uterine death and 
foetal resorption. Although no glucocorticoic has 
been demonstrated in the amniotic fluid of n»on- 
diabetic vwomen, significant quantities have been 
shown to exist in that of the diabetic (Hoet, 1954b), 

The resemblance of the diabetic woman’s newborn 
child to infantile Cushing’s syndrome (Hoet, 1954b; 
Jackson, 1955), the fluid retention and the possible 
adrenal enlargement suggest that increased stimula- 
tion of the adrenal cortex in the foetus as well as 
in the mother is one if not the principal diabetogenic 
urge involved. Because it would not produce 
maternal acromegalic changes anyway, and because 
it operates most strongly during the last trimester 
when the acceleration of growth is known to take 
place in such foetuses, it may be that this is a 
likelier mechanism for the provocation of foetal 
pancreatic beta cell hyperplasia, foetal overgrowth 
and fluid retention. Some further evidence has 
been provided by Bjérklund (1953a, 1953b), who 
claimed that the abnormal clinical course of such 
infants could be correlated with electrocardiographic 
changes which were in turn believed to be the result 
of hypokalaemia produced by hyperinsulinism and 
adrenocortical hyperfunction or dysfunction. The 
excretion of corticoids in these babies was believed 
to be higher than normal and Bjorklund and Jensen 
(1955) also claimed that a significantly higher 
excretion of 17-ketosteroids occurred over the first 
few days of life than in normal control babies. 
Rising levels over this period appeared to suggest 
that the infant was secreting the substances himself. 
A study of the urinary excretion of electrolytes over 
the first few days of life by babies of diabetic women 
recently failed to reproduce a similar electrolyte 
pattern (Stapleton, 1956), but the investigation 
differed in character from Bjérklund’s. There is no 
evidence, however, that hyperadrenocorticism, other 
than that which gives rise to virilism, stimulates 
linear growth in the human subject. The infants 
born to diabetic mothers have no genital abnormality 
but are both abnormally long and heavy for their 
gestational age. The diabetogenic effect of the 
glucocorticoids may influence growth, however, by 
stimulating the secretion of insulin. 


Insulin and Growth 
Attention has been given to the part which insulin 
may play as a growth hormone. It is known that 
under certain conditions the stimulation of growth 
by P.G.H. is dependent upon the availability of 
insulin. In Young’s experiments it was found that 
the growth response of puppies who were subjected 
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to prolonged treatment with anterior pituitary 
extract diminished pari passu with the development 
of diabetes and that growth eventually stopped. At 
this point further growth could be induced by the 
administration of large amounts of insulin with 
the pituitary extracts. It seemed clear to Young 
(1951) from these experiments that the diabetogenic 
action of growth hormone could be converted to 
a growth-promoting one in the dog if enough 
insulin were administered with the pituitary extract. 
In 1953 he reviewed the relationship between growth 
hormone, the pancreas and diabetes mellitus and 
again expressed the belief that the action of growth 
hormone in inducing growth depends at least in 
part on the ability of the pancreas to secrete extra 
insulin. If the pancreas cannot produce enough 
of the latter, then diabetes mellitus replaces growth. 
Milman, De Moor and Lukens (1951) demonstrated 
the fact that the giving of growth hormone to a 
depancreatized cat caused no anabolism of protein 
unless insulin was simultaneously given and the 
retention of nitrogen induced by growth hormone 
was not maximal unless a substantial dose of insulin 
was given in addition to that needed by the animal 
in the absence of growth hormone. Somatic growth, 
including skeletal growth, was observed by Salter 
and Best (1953) in hypophysectomized rats to which 
insulin had been given in gradually increasing dosage 
while untreated hypophysectomized rats did not 
grow at all. The treated rats did eat more than the 
controls but Maassen (1951) demonstrated that 
insulin-treated normal rats grew faster than pair-fed 
control animals so that food intake alone is unlikely 
to be a limiting factor. Such experiments are of the 
greatest interest in view of the pancreatic beta cell 
hyperplasia which exists in the foetus of the diabetic 
woman and because Cardell (1953) found that a 
close correlation existed between the amount of 
islet cell tissue and the size of the baby. Foetal 
bovine pancreatic tissue yields more insulin per 
gram than the same tissue in the mature animal 
(Fisher and Scott, 1934), and although figures for 
pancreatic insulin yield are not available for infants 
of diabetic mothers and a control group, it would 
be unusual if hyperplasia of secreting cells did not 
mean increased output. The sharper and greater 
fall in the initial blood sugar levels of such infants 
would be in keeping with an increased insulin output 
although it does not provide proof of it (Farquhar, 
1954, 1956). It may be that insulin plays an 
important role in the promotion of abnormally 
rapid growth in such foetuses. 

If a higher secretion of insulin by the foetus were 
responsible for his greater size then it would be 
antic:nated that the larger babies would be the 


product of the less well controlled diabetic women. 
The careful studies of Pedersen (1954) and Pedersen 
and Brandstrup (1956) have shown that long and 
careful control of the maternal diabetes in pregnancy 
results in the birth of an infant of lower birth weight. 


The Present Investigation 


Eosinophils. The present eosinophil studies are 
difficult to interpret. The fact that the birth level 
of eosinophils is high in both groups despite high 
maternal production of cortisone-like substances 
suggests that before delivery the eosinolytic 
mechanism is inactive or incomplete. The more 
consistent and more rapid eosinolysis which occurred 
in the abnormal (diabetic) group of babies may 
indicate either that caesarean section is a more 
stressful incident, or that these infants are capable 
of a greater adrenocortical response to stress or that 
the longer stress of vaginal delivery resulted in foetal 
eosinolysis taking place over some hours before 
birth. In the latter event the eosinophil picture 
prevailing then is comparable to that which is 
present some hours after abdominal delivery. The 
latter possibility is unlikely, for although absolute 
eosinophil levels are of less value than changes in 
levels, it may be seen from a comparison of the 
two groups that the range of birth levels is very 
similar. The secondary rise in eosinophils which 
was more apparent in the abnormal group is 
suggestive of the biphasic adrenal response to stress. 
Clearly there was no correlation between fluctuations 
in eosinophil levels and the clinical behaviour of 
the babies. 


Hormone Excretion. It has been mentioned that 
the study of hormonal disturbances in such infants 
is beset with difficulties. The excretion of acid- 
stable formaldehydogenic steroids is not the most 
satisfactory index of adrenocortical activity. It is 
unfortunate that the urinary volumes of some of 
the infants in the normal group on the first day of 
life were at the lower end of the range described by 
Thomson (1944), but it has been shown that no 
relationship exists between the volume of urine 
passed and the excretion of A.S.F.S. The absence 
of any significant difference in 17-ketosteroid excre- 
tion in the two groups, although different from the 
results of Bjérklund and Jensen, makes it unlikely 
that there was any unobserved or unreported loss 
of urine in the control group. The difference 
between the A.S.F.S. excretion of the two groups 
is made more significant if it is remembered that the 
individuals in the abnormal group are some weeks 
less mature than those in the normal group, for 
Bjorklund (1954) has shown that the less mature the 
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foetus the smaller is his urinary corticoid excretion. 
No relationship exists in this series between the 
A.S.F.S. excretion figure and the clinical behaviour 
of the baby, i.e., high excretion does not correlate 
with severe upset or freedom from disturbance. Of 
the three babies who had respiratory embarrass- 
ment on the first day of life, two showed some rise 
in A.S.F.S. excretion in the next 24-hour period, 
but one, whose course ended in death, showed no 
change. It is of doubtful importance that the latter 
infant died of renal vein thrombosis. Similar 
fluctuations in excretion in other infants were 
unaccompanied by clinical disturbance. It is equally 
important to note that abnormal neonatal behaviour 
did not coincide with or follow a sudden fall in 
A.S.F.S. excretion. 


Pseudopneumonia Infantum. It is difficult to 
know just how real an entity ‘pseudopneumonia 
infantum’ due to acute adrenal failure in infants 
may be. The pathologist does not commonly meet 
with necropsies in which he may be quite certain 
that the adrenal haemorrhage is the only finding 
and that it alone has been responsible for the 
clinical features. Massive adrenal haemorrhage was 
recorded in 11 neonatal deaths at the Simpson 
Memorial Maternity Pavilion in recent years. 
Massive haemorrhage was predominantly unilateral 
in six and in none was it the only abnormal finding. 
In three it was associated with prematurity. Although 
respiratory signs (apnoeic attacks, gasping, dyspnoea 
and cyanosis) were present in eight and just might 
have been interpreted as ‘pseudopneumonia in- 
fantum’, the facts are that four did have pneumonia 
(two frank consolidation and two on histological 
examination), two had pulmonary haemorrhage, one 
was severely atelectatic (birth weight, 1 lb. 44 oz.) 
and one had inhaled considerable quantities of 
meconium. The frequent presence of infection 
invalidates the interpretation of temperature dis- 
turbance. In six of the 11 babies no record has been 
kept, but the clinical notes do not mention pyrexia. 
In one it was 95°, and in two it ranged from 96 to 98°. 
In only two was the temperature recorded as 
abnormally high (100-103°). In one of these infants 
there was pneumonia and the other had kernik- 
terus. 


Foetal Fluid Retention. The difference in urine 
volume between two such small groups is possibly 
fortuitous but that seems unlikely. Over the first 
48 hours the mean volume excreted was 94 ml. 
in the abnormal group and 28 ml. in the normal 
group. It must be remembered also that the infants 
in the abnormal group received no fluid by any route 
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during the period of urinary collection, wher:as it 
was felt necessary to feed those in the normal g-oup, 
Oestrogens may cause some fluid retention anc their 
influence is known to cross the placenta. The work 
of Smith, Smith and Hurwitz (1946) suggestec: that 
oestrogen deficiency was operative in the diabetic 
pregnancy, but this has not been confirmed. ! have 
seen less than the usual evidence of oestrogen 
stimulation in such infants (breast enlargemeiit for 
example) and so an oestrogenic cause for foetal 
water retention seems unlikely. The birth weights 
of infants born to diabetic women who had received 
oral oestrogens in pregnancy did not differ sig- 
nificantly from those of infants born to diabetic 
women who were not so treated (Medical Research 
Council, 1955), but no information is available 
about the percentage loss of weight which took place 
in the first few days. 

Pituitary growth hormone does not give rise to 
fluid retention but corticotrophin and cortisone and 
related hormones do. The process which is 
responsible for foetal oedema apparently comes to 
an end with birth, and so it is likely that it is 
maternal. Were the stimulus maternal cortico- 
trophin of pituitary or placental origin then separa- 
tion from the mother would end it. The production 
of corticosteroids would cease until the infant’s own 
pituitary gland came into action. The placenta 
allows the transfer from mother to foetus of thyro- 
trophin, thyroid, gonadotrophins, oestrogens, and 
possibly insulin and prolactin. These hormones are 
of widely varying molecular size. It seems likely 
that maternal corticotrophin does normally cross 
the placenta although proof of that is difficult to 
obtain in the human subject. Enlargement of the 
foetal adrenal glands has been noted to follow 
adrenalectomy in rats during pregnancy (Ingle and 
Fisher, 1938), so suggesting that the resulting 
increased maternal corticotrophin levels crossed the 
placenta. It has also been claimed that corti- 
costeroids may cross the placenta in experimental 
animals (Stewart, 1914), but such work was not 
substantiated by Corey (1927) and Rogoff and 
Stewart (1929) also found the evidence to be incon- 
clusive. Cortisone was given by Slessor (1951) to 
a Rhesus-sensitized woman in the latter weeks of 
pregnancy. Since then he has treated five other 
cases for four of which the birth weight is known, 
and Dr. Slessor has provided me with details about 
the mothers and their offspring (Table 6). These 
figures suggest that prolonged administration of 
cortisone sufficient to produce signs in the mother 
does not give rise to abnormally heavy, Cushing-like 
infants. The two oedematous infants were more 
affected by haemolytic disease than the others and 
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TABLE 6 
RH-SENSITIZED WOMEN RECEIVING CORTISONE IN PREGNANCY 


| Cortisone Infants 
} Signs of Maternal Birth Weights of Previous 
Case | Maturity | Daily Dose Duration Hyperadrenocorticism Birth | Babies in Untreated Pregnancies 
| (mg.) Weight (Ib.)) Oedema (Ib.) 
1 37 100 A few weeks + 6:7 No 7, 7% 
2 38 150 + 9 No 8? to 10} 
3 40 150 From 22nd-26th 8-4 Yes 9 to 10 
4 38 | 150 week until term = 5-6 No Unknown 
6 37 150 + 9-0 Yes ‘Large babies’ 
Notes unavailable 


had cord haemoglobins of 85% and 46% respec- 
tively. The mother of the two non-oedematous 
infants of 7-9 and 5-6 lb. birth weight respectively 
had received a total of 16 to 18 g. of cortisone over 
aperiod of about 14 weeks. The effect of A.C.T.H. 
and cortisone on pregnancy was observed by 
Margulis and Hodgkinson (1953), and in a small 
group of 12 healthy young multiparous women who 
received ‘A.C.T.H. and/or cortisone during a period 
of more than three weeks in total amounts exceeding 
1,000 mg.’ they observed no ill effect on the mother 
and no somatic effect upon the foetus, but the total 
dose was small by Slessor’s standard. A review of 
the subject of hormone therapy in pregnancy by 
Barnes (1954) was more cautious and stated that 
‘there is as yet no absolute proof that it (cortisone) 
will not produce foetal damage’. An equally 
conservative reply was given to a question asked in 
the British Medical Journal (1955). The three last 
named publications have all made mention of the 
danger of depressing the foetal adrenal cortex by 
exhibiting cortisone to pregnant women with intact 
adrenal cortices and they claim that such babies 
may develop signs of hypoadrenocorticism. On 
the other hand, Margulis and Hodgkinson 
(1953) claimed to have found abnormally large 
adrenal cortices in two prematurely born infants 
whose mothers had received A.C.T.H. in 
pregnancy. 

The presence of signs of hyperadrenocorticism in 
the mothers and their absence in the infants when 
cortisone has been given in pregnancy and the 
possibility that A.C.T.H. given to the mother may 
produce increase in the size of the foetal adrenal 
cortex just suggests on the basis of somewhat tenuous 
evidence that the human placenta, from which 
A.C.T.H. or A.C.T.H.-like substances have been 
solated, is permeable to that hormone but not to 
Cortisone-like substances. Depression of the foetal 
cortex could then occur by depressing the maternal 
pituitary with cortisone and stimulation of the 


foetal -ortex could result from maternal cortico- 
trophir 


HORMONAL INFLUENCE ON FOETAL 
MORPHOLOGY AND NEONATAL 
BEHAVIOUR 


This investigation was undertaken to explore 
the relationship which exists between maternal 
diabetes, foetal morphology and neonatal be- 
haviour. Pancreatic beta cell hyperplasia is the 
one undoubted abnormality of the foetal endocrine 
glands. Such hyperplasia implies that more 
insulin is secreted. The experimental evidence 
in favour of regarding insulin as a growth hor- 
mone has been reviewed. Beta cell hyperplasia 
and consequent increased insulin production follow 
such varied diabetic stimuli as hyperglycaemia, 
pituitary growth hormone and the adrenal gluco- 
corticoids. Reasons have been offered why hyper- 
glycaemia and pituitary growth hormone cannot be 
accepted as fully responsible. The adult diabetic 
in ketosis, the treated juvenile diabetic and possibly 
the pregnant diabetic produce more glucocorticoid 
than control groups. The appearance of the foetus 
of the diabetic woman resembles that in Cushing’s 
syndrome. This picture, which includes fluid 
retention, subsides from the time of delivery irrespec- 
tive of maturity. The formative influence must cross 
the placenta from the mother. A somewhat similar 
baby is born to the woman stressed by Rhesus 
sensitization. Maternal corticotrophin crossing the 
placenta may stimulate foetal adrenocortical activity. 
The resulting diabetogenic influence of the gluco- 
corticoids would stimulate the secretion of growth- 
promoting insulin. The present study provides 
some evidence that adrenocortical activity may be 
greater in the foetus of the diabetic woman than in 
that of the non-diabetic woman. It should be 
remembered that qualitative differences may exist 
between the hormones of the intra-uterine (foetal) 
adrenal cortex and the extra-uterine (permanent) 
cortex. Such a difference would explain the 
apparent pre-natal incompleteness of the eosinolytic 
mechanism. The hypoglycaemia in the infant is of 
such short duration that it is unlikely to be the 
stimulus provoking increased glucocorticoid secre- 
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tion on the first few days of life. No relationship 
was found to exist between eosinophil and hormonal 
levels or changes in levels and neonatal behaviour. 

An argument may be raised against this hypo- 
thesis. According to Jackson (1955) the infants born 
to 10 cases of Cushing’s disease were not oversized 
in any way. The basophil adenomata described in 
this latter condition may not be the primary disorder 
however. Talbot, Sobel, McArthur and Crawford 
{1952) have stated that the adenomata may be 
regarded more reasonably as secondary to hyper- 
adrenocorticism. Some evidence in favour of 
regarding the human placenta as being relatively 
impermeable to cortisone has been offered. This 
would explain why the newborn infants of patients 
with Cushing’s disease do not themselves show 
evidence of the syndrome. A greater obstacle to the 
acceptance of the hypothesis of this paper exists in 
the fact that excessive height has not been noted in 
pg suffering from Cushing’s disease (Talbot et 

1952). 

— evidence for be lieving that hyperadreno- 
corticism plays some part in producing the morpho- 
logical features of the foetus of the diabetic woman 
is fairly strong. The present limited study should 
justify the fuller investigation of the urinary 
corticoid excretion of such infants by more accurate 
methods. 


SUMMARY 


The foetus of the diabetic woman is oversized in 
length and weight, retains excessive fluid, shows 
hyperplasia of pancreatic beta cells and possible 
enlargement of the adrenal cortices. An attempt 
has been made to find a common cause of these, 
for the neonatal morbidity and for the maternal 
metabolic disorder. The possible growth-promoting, 
fluid-retaining and diabetogenic influences have been 
reviewed. Foetal hyperadrenocorticism is suggested 
by a number of morphological features. This in 
turn may stimulate the increased secretion of 
growth-promoting insulin. 

The absolute eosinophil count of the peripheral 
blood was determined at birth, three and six hours 
later, and daily for 10 days in 32 normal infants and 
in 17 babies born to diabetic women. The range 
of birth levels in the two groups was very similar 
and was high. Maternal production of cortisone- 
like substances is high even in normal pregnancy. 
This would suggest that the eosinophil mechanism 
is inactive or incomplete before delivery. There 
was a consistently greater decrease in eosinophils in 
the abnormal group in the first six hours. The 


different routes of delivery may have accounted for 
this 


in part. The eosinophil behaviour of the 
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abnormal group was also more consistent from the 
second day and was characterized by a rise to aboy: 
the end of the first week. This pattern suggested q 
greater response to stress in the first 24-48 hour 
followed by a period of decreasing activity. 

The urinary excretion of acid-stable formalde. 
hydogenic steroids was employed as an index of 
adrenocortical activity. The infants of diabetic 
women showed a higher A.S.F.S. excretion than 
those of the controls on the first day, but this 
difference was lost by the third day. The 17-keto. 
steroid excretion of the two groups was very similar, 
Infants of the abnormal group passed a greater 
volume of urine in the first 48 hours than the contro! 
infants. Their higher excretion of A.S.F.S., how- 
ever, could not be explained on this basis. No 
relationship was found to exist between the hormone 
excretion values and neonatal behaviour. 

The investigation was limited by the methods used 
to assess adrenocortical activity and by the equally 
great difficulty of obtaining satisfactory control 
groups. Further studies have been undertaken 
which may shed further light upon the possible 
influence of hyperadrenocorticism upon the develop- 
ment of the foetus of the diabetic mother. 
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Lymphangiomata of the abdominal organs are so 
rare that they are hardly considered in the differ- 
ential diagnosis of the acute abdomen. The follow- 
ing two cases, however, presented as surgical 
emergencies and it is felt that they may be of some 
general interest. 


Case Reports 


Case 1. E.S., a 12-year-old boy, was admitted to 
Altrincham General Hospital on June 29, 1953. He gave 
a 24-hour history of intermittent colicky lower abdominal 
pain, coming at half-hourly intervals, without vomiting. 
The bowels had moved in this period and flatus was 
passed during the examination. The temperature was 
98° F., pulse 88, respiration 20. A tense dull mass was 
felt in the lower abdomen, more on the left than on 
the right. Peristalsis was brisk. 

The differential diagnosis lay between (1) partial 
obstruction, associated with volvulus, either from 
adhesions following appendicectomy two years previ- 
ously, mesenteric adenitis, congenital bands, or other 
mesenteric abnormality, or simply due to an impacted 
foreign body; (2) an acute retroperitoneal lesion such as 
haematoma, perinephric abscess, or a rapidly growing 
tumour. 

At laparotomy two days later a multilocular cystic 
mass was removed from the mesentery of the lower 
ileum together with the overlying bowel, and end-to-end 
anastomosis was performed. The patient made an 
uneventful recovery and has remained well. 

PATHOLOGICAL EXAMINATION. The specimen (Figs. 1 
and 2) was received partly dissected and opened. It 
measured 16 x 15 x 7 cm. and consisted of 35 cm. of 
small bowel with the associated segment of mesentery 
greatly expanded and distorted to form an irregular 
lobulated cystic mass 12 x 12 x 7 cm. overall. 

In places the cysts stopped short of the bowel: else- 
where they reached it and the mesentery was pushed 
outwards and upwards so that the bowel was partly 
surrounded. 

The cysts varied in size from minute up to 5 cm. across. 
Some contained fluid, some gelatinous material. Most 
of the cysts walls were under 0-2 cm. in thickness but 
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there were a few solid regions from 0-5 to 1 cm. across, 
Some of the larger cysts were trabeculated, and except 
for a few small areas of haemorrhage and fibrin deposi- 
tion, the walls were smooth and glistening throughout, 

The margins of the cystic area blended into the 
surrounding mesentery, but excision appeared complete. 

HistoLoGy. Sections show many spaces of varying 
size, some containing pink albuminous material (Fig. 3), 
Some have no definite lining, others are lined by incon- 
spicuous flattened cells, apparently endothelial in nature 
(Fig. 4). They are situated in a very loose connective 
tissue containing some fat and in one section considerable 
quantities of smooth muscle (Fig. 5). The blood 
capillaries show no unusual features, but small, empty, 
presumably lymphatic, spaces are numerous. Some 
small aggregations of lymphocytes are present, and ina 
few places a layer of lymphocytes is grouped under a cyst 
wall (Fig. 6). In addition small numbers of lymphocytes, 
eosinophils and plasma cells are scattered throughout 
the stroma while some areas show more acute inflam- 
mation and small haemorrhages. 

The submucosa of the small bowel in the section is 
thickened and oedematous. 

No ectopic bowel epithelium is seen. There is no 
evidence of malignancy. The condition is considered to 
be of lymphangiomatous nature. 


Case 2. D.W., a boy, aged 4 years, was admitted to 
Manchester Northern Hospital complaining of lower 
abdominal pains. There had been malaise for two days 
but no vomiting or nausea. 

Examination showed a well developed youngster. 
The temperature was 102° F., pulse 120, respiration 24. 
The tongue was moist. There was a localized, tender, 
smooth mass in the right iliac fossa extending to the 
rectus. A diagnosis of appendix abscess was made. 
Laparotomy on the same day revealed a large cystic 
tumour. A right hemicolectomy was performed and 
the child made an uneventful recovery, being discharged 
three weeks after the operation. He has remained wel 
to date. 

Macroscopic APPEARANCE. The specimen consists 0! 
9 cm. of ileum and 8 cm. of caecum and ascending colon, 
with the appendix lying infero-medially (Fig. 7). Partly 
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Fic. 1.—General view of the specimen. 


Fic. 2.—Cross section of the specimen. 


Fic. 5.—Typical area of tumour (x 25). 


Fic. 3.—Cysts in the bowel wall (x 30). 


Fic. 6.—General structure and lymphoid aggregations ( x 90). 
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. 7.—Cysi from the posterior aspect. 
. 8.—Opened cyst. 

. 9.—Solid part of the cyst (x 20). 
. 10.—Part of cyst wall (x 350). 


in the mesentery of the terminal ileum and continuing 
into the adjacent folds of peritoneum at the medial 
border of the caecum is a cystic swelling measuring 
13 x 10 x 5cm. This consists of four main loculi and 
numerous smaller compartments (Fig. 8). The outer 
surface is smooth and completely covered by peritoneum 
in which is a little fat. The inner lining is smooth and 
somewhat trabeculated with no evidence of haemorrhage. 
At one point is a solid pink area, 3 x 3 x 2 cm, of 
similar consistency to five lymph nodes which lie on the 
posterior aspect. 
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MICROSCOPIC EXAMINATION. Sections were taken from 
various parts of the cyst walls from the solid portions and 
fom the ascending colon, ileum, caecum and lymph 
nodes. The cysts show an endothelial lining with aggre- 
gations of lymphoid tissue especially in the solid part 
(Fig. 9). The softer parts are honeycombed with 
spaces lined by endothelium. The diagnosis is considered 
to be a cavernous lymphangioma. There is no evidence 
of malignancy. 

Discussion 

Lymphangiomata of the mesentery are rare. 
After an extensive survey of the literature Warfield 
(1932) found that mesenteric cysts were the least 
common of abdominal tumours and commented 
that they were hardly mentioned in many standard 
works, a statement which is still largely true. He 
concluded moreover that of the 129 reports of 
mesenteric tumours available to him between 1920 
and 1932 only a few were lymphangiomata. Raiford 
(1932) found only one lymphangioma of the 
abdominal viscera in 11,500 necropsies. Anatomically 
the condition is related to the cavernous lymphangio- 
mata but its exact nature, like that of angiomatous 
malformation generally, has caused much specula- 
tion. The simple dilatation of normal channels by 
fibrous obstruction following inflammation does not 
appear adequate and it is generally agreed now that 
the condition is an abnormal production of 
lymphatic vessels, the discussion resting between 


those who hold it to be a true progressive neoplasm 
and those who consider it part of a congenital 


malformation. Evidence has been produced by 
Goetsch (1938) that the commoner cystic hygromata 
of the neck and axillae are true progressive neo- 
plasms, budding off new channels which infiltrate 
locally, and in fact showing a low-grade malignancy. 
Willis (1953), however, does not accept this inter- 
pretation of Goetsch’s photomicrographs. The 
behaviour of the mesenteric tumours and many other 
angiomatous conditions is perhaps more what would 
be expected from a congenital malformation—a 
local deformity or excess of lymphatic vascular 
tissue of the nature of a hamartoma. Most of the 


cases occur in childhood, but a few, for example that 
recently described by Colditz (1951), in later life. 

Many are found incidentally and seem quiescent: 
others either present suddenly or at the most are 
known to have been developing over a short period. 
In spite of this apparent quick growth malignant 
change or spread beyond the tissue originally 
involved is exceedingly uncommon so that local 
resection usually produces acure. Itseems likely that 
these rapid developments are due to a dilatation of 
congenital anomalies following torsion, inflammation 
or changes in pressure such as may easily occur in 
so fluid a region as the abdomen. The acute onset 
in both the cases described here and the recent 
inflammation in Case 1 seem consistent with this 
view, which would also account for the absence of 
any mass of appreciable size in Case 1 at the 
previous appendicectomy. 


Summary 
Two cases of abdominal lymphangioma are 
reported, each presenting as an abdominal emer- 
gency in childhood. 
The pathological nature of the tumour is described 
and comments are made on its incidence, aetiology 
and behaviour. 


We wish to thank Mr. N. Godfrey and Mr. H. Simmons 
for permission to publish their cases and Dr. L. Stent, 
Dr. J. Davson and Dr. Russell for their advice and 
encourageynent. 
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PROTEOLYTIC ACTIVITY OF THE PANCREAS 


TRANSIENT DEPRESSION IN INFANCY 
BY 


J. G. BATE and URSULA JAMES 


From Princess Louise (Kensington) Hospital for Children (St. Mary’s Hospital, London) 


The pioneer work on pancreatic function in 
infants was carried out by Hess (1912) and since 
that time many workers employing duodenal in- 
tubation have investigated pancreatic enzyme levels 
in malnutrition, kwashiorkor and acute infections. 
In recent years interest has been centred on pan- 
creatic insufficiency in fibrocystic disease of the 
pancreas, in which condition the pancreatic lesion 
is expected to be progressive and irreversible. 

Our interest in pancreatic function was stimulated 
by following a group of children considered, in the 
light of both clinical and laboratory evidence, to 
have fibrocystic disease of the pancreas, but who 
subsequently had normal levels of trypsin in the 
duodenal juice. 


Present Investigation 


Three groups of children with the following 
conditions were studied: A, Chronic gastro- 
enteritis; B, acute gastro-enteritis; C, malnutrition. 


Methods 


Proteolytic Activity of Duodenal Fluid. This was 
estimated by Andersen and Early’s (1942) modification 
of the method of Fermi (1906). 


Amino-acid Absorption Curves. These were carried 
out according to the procedure devised by West, Wilson 
and Eyles (1946). Gelatin was chosen as the source of 
protein, in preference to casein which others have used 
either wholly (Payne, 1952) or in part (West, Wilson and 
Eyles), because of their suggestion that with gelatin 
the elevation of blood amino-nitrogen is greater and 
more sustained, and that the curves tend to fall into more 
clear-cut patterns and to show greater differences between 
normal cases and those with pancreatic deficiency. For 
every kilogram of actual body weight, 1-75 g. gelatin 
were dissolved in 30 ml. of water. The resulting syrup, 
flavoured with sugar and, when necessary, with bottled 
orange juice, was in every case taken readily when given 
by bottle or spoon. The feed was given after a fasting 


period of not less than nine and not more than 10 hours. 
Blood samples were collected, with care to ensure a free 
flow, before the feed and at half, one and a quarter, 
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two and a half, and five hours after. The amino-nitrogen 
in the samples of whole blood was determined by the 
method of Frame, Russell and Wilhelmi (1943) as 
modified by Russell (1944). A preliminary series of 
control curves obtained from children known to have 
normal gastro-intestinal function and to be free from 
infection and from nutritional disturbance showed the 
normal configuration (Table 1) as originally described 


TABLE 1 
AMINO-ACID CURVES IN NORMAL INFANTS 


Blood Amino-acid Nitrogen (mg./100 mi.) 
Case 4 Hour | 14 Hours 23 Hours | § Hours 
1 50 | 48 | 4-4 
2 3-1 } 4-1 5-8 2-8 
3 2-0 | 4-0 2:7 | 
4 1-1 3-8 2°7 | 1-6 
5 2:8 3-4 4-0 | 2:1 


by West et al. (1946) and by Payne (1952); a rise toa 
point at least 3 mg. per 100 ml. above the fasting level 
at some point during the first one and a quarter hours 
after the feed, usually sustained at or near this level until 
the two and a half-hour point and thereafter declining 
towards the fasting level. In a number of cases in which 
an abnormal curve was obtained, the investigation was 
repeated at the first opportunity, a dose of pancreatin 
being given before the feed. In all of these a normal 
curve was obtained by this means, and the probability 
of proteolytic insufficiency on the part of the pancreas 
confirmed. 


Results 


Group A: Chronic Gastro-enteritis. Ten children 
(Table 2) were studied and after initial investigations 
were thought to have fibrocystic disease of the 
pancreas. When first seen these children were 
between 64 and 80% of their respective expected 
body weights. 

Eight were between 2 and 7 months of age, and 
two were between 2 and 24 years old. In the 
younger group failure to gain weight or slow weight 
gain was associated with the passage of abnormal, 
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TABLE 2 
AMINO-ACID CURVES IN CHRONIC GASTRO-ENTERITIS 


| Clinical History 


Duodenal Trypsin 


Case No. Age Weight Offensive Acute Respiratory First Time Interval Second 
(mth.) (%) Stools Diarrhoea | Infection | Examination (mth.) Examination 
6 65 + Lindo | 3 1 in 320 
2 3 65 | | Lin4d0 | 9 1 in 640 
3 4 71 — —_ | Absent 2 1 in 640 
4 2 75 + | Absent | 3 1 in 640 
5 3 64 _ | Absent 24 1 in 640 
6 5 66 + | Absent | 6 1 in 640 
7 7 70 { | om Absent 3 1 in 80 
8 2 80 — | + | Lin 25) | 3 1 in 1600 
9 30 65 | + | Absent 24 1 in 640 
10 24 70 } 4 | Rf Vin 4o | 3 1 in 640 
| 


offensive bulky stools which had been evident since 
shortly after birth. In five cases there had been 
exacerbations of a more severe diarrhoea. Repeated 
respiratory infections and persistent cough were 
present in five children. Trypsin was absent from 
an alkaline bile-stained duodenal juice in five, in 
two it was present in a dilution of 1 in 40, and in one 
of | in 25. The antithrombin titre was estimated 
in four patients; in two it was normal, and in two 
it was raised. 

When the diagnosis of fibrocystic disease of the 
pancreas was made _ substitution therapy with 
pancreatin was given, together with a high-protein, 
high-calorie diet, and a satisfactory response 
occurred in every case. 

The seventh child was 24 years old when he 
presented with persistent diarrhoea, recurrent 
respiratory infections and nutritional! oedema. 
Trypsin was absent from the duodenal juice and 
pancreatin therapy and a high-calorie, high-protein 
diet resulted in clinical recovery. 

The eighth child was 2 years old and had suffered 
from bouts of diarrhoea since she was 8 months old, 
but at no time since then had her stools been entirely 
normal. She had no_ respiratory infections. 
Duodenal trypsin was present in a dilution of 1 in 40 
and she failed to respond to any treatment until given 
pancreatin. 

Reinvestigation of these children after periods 
Varying from two months to two years, during which 
ume they continued to have pancreatin, revealed 
normal duodenal trypsin levels, and satisfactory 
progress was maintained when pancreatin was 
discontinued. 


_ The diagnosis of fibrocystic disease was discarded 
In every case. 

Amino-acid absorption curves obtained in Cases 7, 
8 and 10 during the initial investigations were 
similar ‘o those found in proved cases of fibrocystic 
disease of the pancreas. The amino-acid absorption 


curves were repeated at the same time as the second 
examination of the duodenal juice and normal 
curves were obtained (Fig. 1). 


@—®@ Before treatment 
g O— —O After treatment 
Pancreatin discon- 
eo \ tinued for | week 
\ before investigation 
| 
4 
z Le 
Qa 7 \ \ 
2 | \ 
8 II 
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Level “© 1 2 3 4 5 
HOURS 


Fic. 1.—Aminc-acid absorption curves in patients with chronic 
gastro-enteritis. 


Group B: Acute Gastro-enteritis. Nine infants, 
aged between 2 months and 1 year, suffering from 
acute gastro-enteritis were studied (Table 3). 

Six of the children were up to their optimum 
weights before the onset of the illness, one was 76% 
and two between 65 and 75% of their respective 
expected weights. 

Eight of the children lost 7% or over of their body 
weights in the course of the illness (minimum 7%, 
maximum 25%) and in each of these patients a 
moderately low amino-acid absorption curve was 
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TABLE 3 
AMINO-ACID CURVES IN ACUTE GASTRO-ENTERITIS 


| | 
| % Expected | Duration of | Duration of | | Initial Amino-acid Absorption Curves 
Case Age Body Weight Loss| Reduced | Intravenous Relapses Duodenal (mg. blood amino-acid N,./106 ml.) 
No. | (mth.) Weight on (% max. | Feeding Fluid } Trypsin —_——_. 
Admission | weight) (days) (days) 4 Hour |14 Hour Hour Hour 
11 7 100 18 | 21 3 1 Notestimated | 1-1 1-5 1-3 0-8 
12 4 100 11 13 0 0 in 1, 1-0 1-2 L-2 1-6 
13 34 95 7 7 0 0 1 in 1,280 -0°8 | 0:3 1-3 1-0 
14 12 65 9 10 0 0 1 in 1,280 4:2 | 42 4:6 3 
15 5 90 9-5 14 0 0 Not estimated Ps | Ory 1-8 2-2 
16 4 100 25 26 ES 3 Notestimated| 0:9 | 1-4 1-4 | 
17 2 90 20 25 7 2 1 in 320 Oo | 2 0-9 2-2 
18 3 76 2°5 5 0 0 1 in 400 0-5 3°5 3-2 3°5 
19 8 72 11 10 | 0 0 1 in 800 1-2 1-6 2 2 


obtained within one week of the cessation of the gains were satisfactory, and in each case the curve 
diarrhoea. The periods of restricted feeding had had risen towards normal levels (Fig. 2). 
ranged from seven to 26 days. 

One child (Case 18) had mild enteritis, had started 
treatment within 24 hours of the onset, her feeds 


Group C: Malnutrition. Eight malnourished 
children, aged between 2 and 14 months, were 


were restricted for five days, she lost only 2°5% of —~~anae 
her body weight and her amino-acid absorption FLO -WAter full recovery 


curve was normal. The three children (Cases 11, 
16 and 17) with heavy weight losses (18%, 25% and 
20% of their respective body weights) were those 
who relapsed and were treated with intravenous 
fluid therapy. 

The duodenal trypsin was estimated in six of the 
patients and was found to be within normal limits. 
Nevertheless, two children (Cases 17 and 19) who 
failed to gain weight satisfactorily after full feeding 
had been resumed for three weeks, were given 
pancreatin for the subsequent three weeks, during 
which time the rate of gain improved: 


Weight Gain in Three | Weight Gain in Three 
Weeks, on Full Feeding | Weeks, on Full Feeding 
-++ Pancreatin 


BLOOD AMINO ACID NITROGEN (mg. per |OOml) 


Case 17 1 Ib. 1} Ib. 


| 
| 
| 
Case 19 2 02. | 1 Ib. 


Level “ Hours | 2 3 4 5 


In four patients the gelatin meals were repeated 


1G. 2.—Amino-acid absorption curves in patients with acute 
when clinical recovery was complete and weight 


gastro-enteritis. 


TABLE 4 
AMINO-ACID ABSORPTION CURVES IN MALNUTRITION 


| Average Daily Weight | Initial Amino-acid Absorption Curves 

| Gain (0z.) over Period (2-4 wk.) (mg. amino-acid N,/100 ml.) 

| 
Case | Age Expected Duodenal High Calorie | High Calorie 
No. | (mth.) Body Trypsin Feeding Feeding + % Hour 1} Hours | 23 Hours 5 Hours 

| Weight | Pancreatin 
20 | #14 | 66 1 in 320 0-5 1-3 1-7 2-2 1-9 0-6 
21 4 76 Not estimated 0-4 0:8 0-2 2-7 2-4 0-3 
22 | 34 74 1 in 400 0:5 1-2 2:6 1-1 1-9 3-0 
23 8 69 Not estimated 1:2 0-2 1-9 2-4 
24 14 70 Not estimated 1:0 0-8 1:3 0-8 
25 2 72 Not estimated 1-0 _— 1-7 1-2 1-6 1-6 
26 3 75 1 in 50 0:8 1:2 0-1 -~0°3 0:5 0-8 
7 73 1 in 400 1:2 0:8 1-5 2:2 3°8 
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studied (Table 4). Infections and congenital and 
endocrine abnormalities were excluded, and the 
malnutrition was considered due to underfeeding 
either from mismanagement or neglect. Their 
weights varied from 69 to 76% of their respective 
expected body weights, but the duration of under- 
feeding was difficult to assess. Breast feeding had 
failed early and it is probable that underfeeding 
dated from the introduction of artificial feeding. 
Mixed feeding was minimal in the older children of 
the group. 

Duodenal trypsin was estimated in four children; 
in three it was well within normal limits, but in the 
fourth it was present in a dilution of 1 in 50. The 
amino-acid absorption curves varied considerably 
and none was normal, but normal curves together 
with clinical improvement were obtained after the 
administration of pancreatin in one case reinvesti- 
gated after an interval of three weeks, and in a 
second case after two weeks on full feeding without 
pancreatin (Fig. 3). 


On admission 
o— —o After treatment 
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Fic. 3.—Amino-acid curves in two patients with malnutrition. 


Discussion 


Pancreatic insufficiency associated with definite 
pancreatic lesions has been found in rats fed on 
high-fat, low-protein diets (Gilbert and Gillman, 
1944). The degree of the degenerative changes in 
the acinar tissue of the pancreas was in proportion 
(0 the duration of the dieting, and after 50 days 
latty infiltration and degeneration was also found 
in the liver (Friedman and Friedman, 1946). 
Véghely! (1950) suggested that some conditions 
diagnosed as fibrocystic disease of the pancreas on 
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a basis of pancreatic function might be late conse- 
quences of a preceding dietary lesion. He found 
that infants lacking animal protein in their diets 
suffered more or less complete pancreatic failure; 
the changes started after seven to fourteen days, 
and by eight to 12 weeks distinct fibrosis had 
occurred. In early cases after treatment with milk 
or a complete protein feed the pancreas started 
secreting in three to four days. 

In our cases of gastro-enteritis the feeding was 
restricted and it was deficient in the malnutrition 
group, but milk protein was never completely lacking 
except for very short periods of starvation during 
therapy. This may account for the presence of 
duodenal trypsin in groups B and C although there 
was evidence of faulty protein digestion in those 
cases where weight loss exceeded 7% of the body 
weight and when feeding was restricted for seven 
days or longer. When weight loss had exceeded 
18% of the body weight and where feeding was 
restricted for 21 days or longer, pancreatin therapy 
was beneficial despite normal levels of trypsin in 
the duodenal juice. 


The clinical picture of the patients in Group A 
resembles that of fibrocystic disease of the pancreas, 
but when satisfactory nutrition was achieved and 
maintained on high-protein, high-calorie diets, 
together with the administration of pancreatin, the 
pancreatic insufficiency was found to be reversible. 
Thompson and Trowell (1952) reported histological 
pancreatic lesions in untreated cases of kwashiorkor, 
but in treated cases when death occurred from an 
intercurrent infection no pancreatic lesions were 
found. This suggests that malnutrition may cause 
degenerative changes in the pancreas, but that these 
changes may be reversed by adequate feeding. 
Similar pancreatic lesions in kwashiorkor have been 
reported by Davies (1948), Dean and Schwartz 
(1953), and Gomez, Galvan, Cravioto and Frenk 
(1954). 

Andersen (1942) stated low values of trypsin are 
found in marasmus but always above those seen in 
fibrocystic disease of the pancreas. She described 
three cases of marasmus with pancreatic depression 
and a return to normal after clinical improvement. 
McDougall (1950) reported five children with 
transient suppression of pancreatic enzyme secretion 
associated with prolonged diarrhoea. Pancreatic 
trypsin has been found deficient in scarlet fever 
(Véghelyi, 1949) and in parotitis (Véghelyi, 1947), 
and histological lesions of the pancreas, similar but 
not identical to those found in fibrocystic disease of 
the pancreas, have been found in fatal cases of 
uraemia (Baggenstoss, 1948). The diagnosis of 


deficient proteolytic activity on the part of the 
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pancreas is usually established by examination of 
the duodenal secretion, over the normal limits of 
whose tryptic activity there is some controversy. 
Activity at dilutions from 1 in 50 up to 1 in 3,200 
is usually considered normal (Bodian, 1952), a range 
whose width blunts the sharpness and precision of 
the test as a means of detecting any but the grossest 
departures from full functional activity. As a test 
of pancreatic function, the amino-acid absorption 
curve might be expected to reveal both earlier and 
more accurately the transient and sometimes 
relatively minor deficiencies in pancreatic function 
such as are described above. 

An attempt has been made by Gomez et al. (1954) 
to correlate duodenal trypsin levels with amino-acid 
curves after gelatin and casein hydrolysate feeding. 
They were unable to establish any numerical 
correlation, but observed as others have done, and 
as appears in this present study, that where tryptic 
activity is deficient the amino-acid absorption curve 
after gelatin is slow to reach a peak, and that a 
maximum level is often maintained to the end of 
the test period. There is, in our series, no close 
numerical relationship to be made out between the 
proteolytic activity of duodenal fluid and the 
amino-acid absorption curve, but it may be pointed 
out that of the 16 curves studied 10 were found to 
be abnormal according to generally accepted 
criteria, and that in all but one of these 10 patients 
proteolytic activity was present in the duodenal 
fluid at dilutions between 0 and 1 in 400. Of the 
six normal curves all but one were obtained from 
infants whose duodenal fluid showed proteolytic 
activity at dilutions greater than 1 in 400 (Fig. 4). 
Further investigation into this relationship is con- 
tinuing; meanwhile it may be said that the amino- 
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NORMAL AMINO ACID 
ABSORPTION CURVES 
(7 cases) 


LOW AMINO ACID 
ABSORPTION CURVES 
(9 cases) 


Fic. 4.—Diagram showing the relationship between tryptic activity 
of duodenal juice and the amino-acid absorption curve. 
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acid absorption curve following the ingestion of 
gelatin appears to constitute a useful index of the 
efficiency of protein digestion. 

It will be seen from Fig. 5 that the degree of 
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Fic. 5.—Diagram showing the percentage of expected body weight in 
the three groups of patients on admission to hospital. 
Group A, chronic gastro-enteritis, Group B, acute gastro-enteritis, 
Group C, malnutrition. 


malnutrition (judged by the percentage of expected 
body weight) is similar in Groups A and C, and yet 
duodenal trypsin was not depressed in the underfed 
children, but was absent or greatly diminished in 
those with prolonged diarrhoea. The amino-acid 
absorption curves in group A (chronic gastro- 
enteritis) were uniformly lower than those in the 
other two groups, and indicate a more constant 
depression in protein digestion in those children 
with diarrhoea. In all cases the curves became 
normal or nearly normal after clinical improvement. 

It was hoped that amino-acid tolerance curves 
following gelatin meals might differentiate fibro- 
cystic disease of the pancreas from other nutritional 
disorders and be an easier and more accurale 
investigation than the measurement of duodenal 
trypsin. Our findings, however, suggest that fibro- 
cystic disease of the pancreas should never be 
diagnosed on one series of investigations, even when 
duodenal trypsin is absent and the amino-acid 
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absorption curve flat. Re-assessment must be made 
several weeks or months later when nutrition has 
been improved by dieting and, if necessary, by the 
administration of pancreatin. 


Summary and Conclusions 


Attempts have been made by means of amino-acid 
absorption curves to estimate defects of protein 
digestion, and to correlate the results with levels of 
duodenal tryptic activity. 

The proteolytic activity of the pancreas is 
depressed in chronic and acute gastro-enteritis and 
in malnutrition in infancy. Pancreatic function 
returns to normal when clinical recovery is reached. 
Caution must be exercised in diagnosing fibrocystic 
disease of the pancreas and pancreatic function must 
be re-assessed when nutrition is satisfactory. 

Pancreatic depression may be expected in gastro- 
enteritis when weight loss exceeds 7 % of body weight 
and when feeding is severely restricted for seven days 
or longer. 

Oral pancreatin is beneficial in speeding up 
recovery after gastro-enteritis when weight loss has 
exceeded 18° of body weight and when feeding 
has been restricted for 21 days or longer. In these 


patients amino-acid absorption curves are depressed 
despite apparently adequate levels of tryptic activity. 
The amino-acid absorption curve is a more 
delicate measurement of depression of proteolytic 
activity than the estimation of duodenal trypsin. 


We are pleased to acknowledge a grant towards 
expenses from the Research Fund of St. Mary’s Hospital, 
Londen. 
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The improved prognosis of acute renal failure has 
largely resulted from the use of conservative dietary 
régimes of treatment as suggested by Borst (1948), 
Pratt (1948) and Bull, Joekes and Lowe (1949, 1950). 
Few publications refer to children with acute tubular 
necrosis treated in this manner. In 1948 Pratt 
reported seven children with acute anuria of over 
24 hours’ duration treated conservatively with a 
limited fluid and liberal glucose diet; five recovered. 
Children with acute tubular necrosis successfully 
treated on similar lines have also been reported by 
Riddell (1951, two patients), Kaplan and Fomon 
(1953, one patient) and Wagner (1954, one patient). 

Other recent reports of acute tubular necrosis in 
children have been concerned primarily with the 
biochemical and pathological aspects (Zuelzer, 
Charles, Kurnetz, Newton and Fallon, 1951 ; 
Schwartz, Tomsovic and Schwartz, 1951). 

The purpose of this paper is to direct attention 
to the condition of acute tubular necrosis in infancy 
and early childhood, to describe problems en- 
countered in the management of three patients 
under 6 years of age and to discuss the biochemical 
disturbances observed. Possible aetiological factors 
are considered. The results include a review of 
each of these children two years or more after their 
initial illness. 

Case Reports 

Case 1. P.B., a girl aged 5 years 2 months was 
admitted at 3.50 a.m. on December 25, 1952, with a 
24-hour history of dyspnoea and epigastric pain. She 
appeared an ill child with a temperature of 102-8°; signs 
of pneumonic consolidation were present over the left 
chest. Three-hourly intramuscular injections of crystal- 
line penicillin were started immediately. Twelve hours 
later her condition had deteriorated. As additional 
therapy she was given 100 mg. aureomycin intravenously 
at 6.30 and again the following morning. 

The urine output was not recorded on the day of 
admission but she passed urine twice, the last occasion 
at 4.30 p.m. She vomited five times during the day. 
The blood pressure was 105/75 mm. Hg. The following 
day intravenous fluid therapy was begun because of 
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vomiting and dehydration. Varying proportions of the 
following three solutions were given: normal saline, 
5% dextrose in 1/5 isotonic saline, and 5% dextrose 
solution. No urine was passed. Antibiotic therapy 
was confined to penicillin. 

Next day she appeared improved and the fever had 
subsided. Abdominal distension and absent bowel 
sounds were noted. The blood pressure was 115/80 mm. 
Hg. Vomiting persisted and intravenous fluids were 
continued. By evening the sacral region and ankles 
were slightly oedematous. No calculus or renal 
calcification was demonstrated radiologically. One 
millilitre of urine was obtained on catheterization: this 
contained numerous red and white blood cells but no 
casts or crystals. Culture was sterile. On December 28 
pulmonary oedema had developed and both ankle and 
sacral oedema had increased. She remained anuric. 
Intravenous fluids were discontinued (a total of 2,800 ml. 
having been given in 48 hours, equivalent in salt content 
to 1 litre of isotonic saline). Bull’s régime was sub- 
stituted. She remained anuric until January 2, 1953, 
i.e., eight days. During the period of anuria vomiting 
decreased, oedema subsided, no hypertension was 
recorded and abdominal distension with absent bowel 
sounds persisted; she was at times mentally confused. 
Spectroscopic examination of the serum was negative. 
Infection of the mouth with Candida albicans was noted 
on December 31. A purpuric eruption on the neck 
appeared on January 1; no abnormalities were found in 
the bleeding, clotting or prothrombin times and _ the 
platelet count was 160,000 per c.mm. 

Serum biochemical findings are shown in Fig. |. An 
E.C.G. on January | (serum potassium concentration 
8-5 mEq./litre) showed sharply peaked T waves in lead II 
and chest leads. In an attempt to lower the serum 
potassium, 5 g. of cation-exchange resin, ‘zeocarb 225 
in the hydrogen form, was given through the gastric tube. 
In addition, vomit, with a potassium content of 
3-9 mEq./litre, was replaced via the gastric drip by an 
equal quantity of an artificial mixture containing 
equivalent salt concentrations except for potassium, 
i.e., 30 ml. N/10 HCI, 30 ml. N/10 NaCl and 40 ml. water. 
At 9-0 a.m. the following morning (January 2) bowel 
sounds were audible on auscultation; the serum potas- 
sium had fallen by 2-2 mEq./litre. Twelve hours later 
40 ml. of urine were passed. After four days the urine 
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output had increased to 1 litre/24 hours. (To obtain 
an accurate assessment urine was collected by indwelling 
catheter.) The fluid intake for each 12 hours was deter- 
mined as the theoretical insensible loss for the period 
plus a quantity of half-strength isotonic saline equal to 
the previous 12 hours’ urine output. Additional 
potassium was given from January 5. 
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Fic. 1.—Results of serum and blood analyses, weight records and 

urine Output during the period of anuria and early diuresis (Case 1). 

(Incomplete urine collections are represented by blocks with serrated 
upper margins.) 


The patient appeared improved the day after the onset 
of diuresis but at 1 a.m. on the succeeding day (January 4) 
she suddenly collapsed, became unconscious, cold and 
grey. Her blood pressure was unrecordable. She 
recovered spontaneously and half an hour later her 
blood pressure was 90/70 mm. Hg. The serum con- 
centrations of potassium and sodium during this episode 
were 4-6 mEq./litre and 137 mEq./litre. A further fall 
in blood pressure but without associated constitutional 
disturbance was recorded at 9 a.m. the same day. Two 
hours later the blood pressure was 110/75 mm. Hg. No 
Similar episodes were noted subsequently. A blood 
transfusion of 250 ml. was given later that day because 
of a fall in haemoglobin to 10-6 g./100 ml. 

Attempts to give additional oral fluid and electrolytes 
to offset urine losses caused increased vomiting. The 
resuliing dehydration was corrected with intravenous 
fluid and electrolytes given over a period of 24 hours 


starting on January 6. Her subsequent progress was 
complicated by a urinary infection with Candida albicans. 
(This aspect of her illness will be reported separately.) 
She was last reviewed when aged 8 years and 3 months, 
i.e., three years after her illness. She had had no 
illnesses and was an apparently healthy child. Her only 
symptoms were frequency of micturition and nocturnal 
enuresis due to a contracted bladder possibly resulting 
from the urinary infection. An intravenous pyelogram 
two months after her illness was normal. She was small 
(weight 21-8 kg. and height 115-6 cm., averages for age 
25-2 kg. and 125 cm.). There were no other abnormal 
clinical findings. Her blood pressure was 100/65 mm. 
Hg. The urine contained no albumin and showed no 
abnormality on microscopy: there was no amino- 
aciduria. The P.C.V. was 37% and the blood urea 
46 mg./100 ml. 

The results of endogenous creatinine clearances at 
varying stages of the illness and subsequently are listed 
below: 


Interval | 
after 

Onset of 
Diuresis | 


Creatinine Clearance 


ml./min./1-73 sq.m. 
Surface Area 


(ml./min.) 


days 
weeks 
weeks 
months 
months | 


Case 2. R.J., a boy of 7 months, was admitted on the 
evening of August 18, 1953. Except for infantile eczema 
his progress had been satisfactory until August 12 when 
he developed a ‘cold’ and seemed troubled by ‘teething’. 
He remained unwell and two days later ‘sulphatriad’ 
(sulphathiazole, sulphadiazine and  sulphamerazine) 
0-5 g. six-hourly was prescribed but, due to vomiting, 
was discontinued after only five doses had been given. 
Sulphonamides had not been previously prescribed for 
either internal or external administration. No urine 
was passed after August 14 until August 17 when “a little 
urine’ was passed, the first for three days. During this 
period vomiting, anorexia and irritability persisted. He 
was admitted to another hospital where on catheteriza- 
tion only a few drops of urine were obtained. He was 
transferred to the Children’s Hospital next evening 
(August 18). On examination he appeared a healthy 
infant, and weighed 8-2 kg. The only abnormal clinical 
findings were a temperature of 99-6° and a blood pressure 
of 180/115 mm. Hg. Limited quantities of 5% glucose 
solution were given. 

The following day (August 19) anuria persisted and 
Bull’s régime was instituted; daily requirements were 
assessed as 200 ml. fluid and 800 calories. Intramuscular 
injections every fifth day of streptomycin (100 mg.) and 
crystalline penicillin (50,000 units) were prescribed. 
Biochemical findings are shown in Fig. 2. No calculus 
or renal calcification was demonstrated radiologically. 
During the next few days his general condition remained 
good but restlessness required control with intramuscular 
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paraldehyde. His blood pressure rose to a maximum 
of 190/130 mm. Hg on August 20. 

The serum potassium concentration at 10 a.m. on 
August 21 was 7-7 mEq,./litre, a fall of 0-8 mEq./litre in 
24 hours; an E.C.G. showed no abnormality. At 
2.30 p.m. the same day he passed urine, after virtually 
seven days’ complete anuria. Only 378 ml. urine were 
passed during the ensuing three days, after which a 


Ri CASE 2. 


*e* 
Glucose-Oil gastric drip 
J 


40+._ 
PCV 
JO 
25 


14 16 18 20 22 24 26 28 30 
AUGUST 


Fic. 2.—Results of serum and blood analyses, weight records and 
urine output during the period of anuria and early diuresis (Case 2). 


satisfactory output was maintained. The glucose-fat 
mixture was replaced by milk feeds on August 24 and 
the dose of streptomycin and penicillin increased to 
350 mg. and 500,000 units daily respectively. Increasing 
the oral fluid and electrolyte intake caused a recurrence 
of vomiting, which resulted in negative fluid balance and 
dehydration; additional fluids and electrolytes were given 
intravenously and by nightly intragastric drip from 
August 24-26. By August 28 he was taking a normal diet 
and all fluid requirements by mouth. Further progress 
was complicated by a urinary infection. The pyrexia, 
present from the time of admission to hospital, rose to 
102-4° on August 29. Urine specimens contained many 
pus cells, and Pseudomunas pyocyanea was consistently 
grown in pure culture. (Unfortunately urine before 
August 29 was not cultured.) The urinary infection was 
cured with intramuscular polymixin B given in 7 mg. 


doses eight-hourly for eight days. A blood transfusion 
of 200 ml. was given because of a progressive fs'! in 
haemoglobin to 7-2 g./100 ml. A month later the child 
was well and apyrexial; the urine showed no abnor- 
malities on microscopy or culture and no renal abnor- 
mality was detected by subcutaneous pyelogran: or 
extraperitoneal pneumography. 

Eight months later he was well apart from a recurience 
of infantile eczema. His blood pressure was 115/80 mm. 
Hg and weight 10-7 kg. A urine specimen showed no 
abnormality. Serum electrolytes were within the normal 
range but blood urea was 49-3 mg./100 ml. He was last 
reviewed aged 3 years and 2 months, i.e., two years and 
five months after his illness. He had remained well 
except for an attack of ‘bronchitis’ which had been treated 
with penicillin. He weighed 16-6 kg. and was 95} cm. 
in height (averages for age, 15 kg. and 96 cm.). There 
were no abnormal physical signs. Eczematous lesions 
had cleared. The blood pressure was 90/55 mm. Hg. 
The urine showed no abnormality; there was no amino- 
aciduria. The P.C.V. was 44% and the blood urea 
50 mg./100 ml. The endogenous creatinine clearance 
was 26-5 ml./min., equivalent to 70 ml./min/1-73 sq.m. 
surface area. 


Case 3. H.G., a girl of 8 months, was admitted on 
the evening of December 10, 1953. Her progress had 
been satisfactory until December 8 when she awoke from 
her afternoon sleep crying as if in pain. She was 
thought to have otitis media and was given an injection 
of 1,000,000 units crystalline penicillin. One and a half 
hours later she vomited, collapsed and appeared shocked. 
She recovered spontaneously from this episode but for 
the remainder of the day was miserable, reluctant to take 
feeds and was stated to have passed urine frequently and 
in excessive quantities. 

Next day she remained unwell and a second injection 
of 1,000,000 units of crystalline penicillin was given at 
2 p.m. This was followed within half an hour by the 
appearance of a generalized non-urticarial erythematous 
rash which persisted for one hour. There was no 
associated constitutional disturbance. She had never 
been given penicillin before but her mother, when four 
months pregnant, had had injections of penicillin for 
maxillary sinusitis. 

The child was last known to have passed urine at 
7.30 a.m. on December 9. During this day she remained 
peevish and irritable; she vomited that evening and 
throughout the night. The following day she was still 
unwell although vomiting had subsided. No urine was 
passed. She was admitted to hospital the same evening. 
On examination she appeared a healthy baby weighing 
8-3 kg. A faint erythematous rash was present on both 
arms. There were no other abnormal physical findings. 
Her food and fiuid intake was restricted to 5% glucose 
solution. 

Vomiting ceased next day, December 11, but anuria 
persisted. The blood pressure was 115/?. No radio- 
opaque calculus was demonstrable in the urinary tract. 
The haemoglobin was 11 g./100 ml. and the serum 
penicillin level (48 hours after the last penicillin injection) 
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Fic. 3.—Results of serum and blood analyses, weight records and 

urine output during the period of anuria and early diuresis (Case 3). 

(Incomplete urine collections are represented by blocks with serrated 
upper margins.) 


Bull’s régime was instituted; 200 ml. fluid and 800- 
900 calories per 24 hours were prescribed. Catheteriza- 
tion was not performed and no antibiotics were 
given. 

She remained anuric until December 13 when 40 ml. 
urine were passed; an E.C.G. (serum potassium 
7 mEq./litre) demonstrated no abnormality. Only 
43 ml. of urine were passed during the next 24 hours. 
Oliguria persisted with an average of 160 ml./24 hours 
until December 18 when a good output was established 
for the first time since the onset of urinary suppression 
nine days previously. Throughout the baby remained 
well without pyrexia or hypertension. An accentuation 
of the anaemia, first apparent six days previously, was 
recorded on December 17. 

_ Between December 19 and 23 the daily urine output 
increased to approximately 1 litre/24 hours. Fluid, 
electrolyte and calorie requirements were supplied as 
milk and 5% glucose with added sodium and potassium 
chloride. Vomiting became troublesome, but was 
‘ontro!'ed with promethazine 8-chlorotheophyllinate 
(avomine’), 6 mg. twice daily; additional fluids were 
given by slow intragastric drip at night, and in this way 
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an adequate fluid intake was maintained. From 
December 23 the baby made an uninterrupted recovery. 

This child was last reviewed when aged 2 years 
10 months i.e., two years two months after her illness. 
She had remained well except for another attack of 
otitis media, on this occasion treated with tetracycline. 
She weighed 12-3 kg. and her height was 90:2 cm. 
(averages for age, 13-7 kg. and 91-9 cm.). There were 
no abnormal physical findings. The blood pressure was 
100/60 mm. Hg. Urine contained no albumin and no 
abnormal microscopic deposit. There was no amino- 
aciduria. The P.C.V. was 38-5% and blood urea level 
37 mg./100 ml. The endogenous creatinine clearance 
was 49 ml./min., equivalent to 154 ml./min./1-73 sq.m. 
surface area. 


MANAGEMENT 


The following scheme applied to all three patients, 
apart from modifications described in individual 
case reports. Each child was weighed daily and the 
haematocrit estimated. Accurate fluid intake and 
output balances were summated for either 12- or 
24-hour periods. Biochemical analyses of blood 
and, during diuresis, of urine were made daily where 
necessary. A conservative dietary régime was 
employed using a high-calorie, high-carbohydrate, 
protein- and electrolyte-free diet with restricted 
fluids as advocated by Bull et al. (1949). The daily 
caloric requirements for the children were calculated 
on the basis of 100 calories/kg./day and for the 
5-year-old child of 75 calories/kg./day. These were 
supplied using a mixture of peanut oil and glucose 
in the proportion of | to 4 with acacia to emulsify 
in a volume of water calculated as necessary to 
replace the daily insensible losses of fluid. The 
latter were assessed on a theoretical insensible fluid 
loss under basal condition of 1 g./kg./hour for 
infants (Levine, Kelly and Wilson, 1930), 0-8 g./kg./ 
hour for children aged 6 to 9 years (Ginandes and 
Topper, 1936) and 0-5 g./kg./hour (Benedict and 
Root, 1926; Miles, 1929) for children over 10 years 
of age. Vitamin supplements were added to the 
mixture which was administered by continuous 
intragastric drip. All vomit was collected into 
cellophane funnel-shaped receivers, strained and 
returned into the gastric drip. 

With the onset of diuresis increased oral fluids 
containing sodium, chloride and later potassium 
were given as required. These amounts were 
assessed on the basis of (a) body-weight, (b) urine 
volumes and (c) serum biochemistry. On occasion, 
modifications were introduced in the light of clinical 
findings and urine analyses. Intravenous fluids, 
including blood, were only used when specially 
indicated. 

Antibiotics were given in Cases | and 2, as 
described in the case reports. 
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DISCUSSION 


In the patients described, a period of acute urinary 
suppression with nitrogen retention (anuric phase) 
was succeeded by a diuresis resulting in a steadily 
falling blood urea, and uncontrolled losses of water 
and electrolytes (diuretic phase). All three patients 
recovered with no serious renal impairment demon- 
strable on review at least two years later. This 
sequence of events is characteristic of acute tubular 
necrosis. 

Anuric Phase 


Calorie Administration. In our patients both diet 
and method of administration were well tolerated. 
Vomiting tended to diminish once treatment had 
been established. Loose stools in Case 2 may have 
been caused by the high fat content of the diet. 

The need to give such a high-calorie, oil-containing 
diet as used in these patients has been questioned. 
For example, Stock (1952) has recommended for 
adult patients a diet limited to 100 g. carbohydrate 
a day. The arguments advanced in favour of this 
therapy, in addition to its being less nauseating, have 
mainly been founded on observations by Gamble 
(1947) that the protein-sparing effect of carbohydrate 
is not appreciably increased by amounts in excess 
of 100 g. daily. These conclusions, based on 
investigations of healthy persons, are not, in Bull’s 
opinion (1955), necessarily applicable to ill patients 
with renal failure. He emphasizes, moreover, the 
value of a high-carbohydrate diet in retaining 
potassium within the cells, an effect of considerable 
importance in the management of these patients. 
For these reasons Bull (1955), while no longer 
recommending a high-fat diet as essential, advocates 
at least 300 g. carbohydrate daily for adult patients 
with acute renal failure. 


Fluid Requirements. In Table 1 variations in 
weight are compared with food and water intake 
and urine output for each patient. Extrarenal water 
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TABLE | 
CALCULATIONS OF EXTRARENAL WATER LOSSES DURING ANURIC AND EARLY DIURETIC PERIODS 


losses have been calculated from these usi::g the 
formula 


Extrarenal water loss=(body weight loss) + (eight 
of food and water intake) 
—(weight of urine) 


Possible weight loss from starvation has been dis- 
regarded in view of the high calorie intake and short 
periods covered by these calculations. During the 
period under review Case 2 had an elevated tempera- 
ture and some loose stools; no intestinal loss 
occurred in Case 1. The average environmental 
temperature of Cases 2 and 3 was 70° and 68°: no 
readings were recorded for Case 1. 

The fluid requirements of these children were 
calculated on the basis of physiological insensible 
losses occurring under basal conditions. In each 
case these estimates proved grossly inadequate and 
approximated to only half the observed extrarenal 
losses (Table 1). Recently Heeley and Talbot 
(1955) have reported similar observations on 39 
children living in hospital under non-basal condi- 
tions. These authors also concluded that it was 
only possible to predict within broad limits the rate 
of insensible fluid loss in individual patients. The 
dangers of overhydration during the anuric phase 
are well recognized. However, a state of under- 
hydration is equally undesirable. Such a condition 
enhances renal insufficiency and increases cellular 
catabolism (Black, McCance and Young, 1944), an 
effect directly opposed to the aims of treatment. 

The daily recorded weights of these children 
provided an invaluable guide to the state of hydra- 
tion. (Haematocrit readings, however, proved a 
poor index owing to the development of anaemia.) 
Bull (1955) has suggested that it may be advisable 
when treating anuric patients to aim at a gradual 
weight loss. He has reasoned that because water 
is released from fat catabolism an alteration in the 
ratio of dry weight to total weight with concomitant 
cellular and extracellular overhydration will result 


| 


Weight of Weight Extrarenal Water Loss* Estimated Basal 
Case Period of Weight Food and | of Urine Insensible Water 
No. Observation Loss | Water Intake Daily Average | (g./kg. body Loss 
(g.) | (g.) (g.) (g.) wt./hr.) (g./kg. body wt./hr.) | 
1 30.12.52-3.1.53 1,140 1,340 350 | 532 1-6 0:8 


2 | £18.8.53-21.8.53 57 1,250 
(21.8.53-24.8.53 29 1,780 

3 | 1.12.53-14.12.53 570 1,252 
| (14.12.53-17.12.53 370 2,323 


(gain) 


0 436 2*3 1-0 
359 483 23 1-0 
84 579 2°9 1:0 
482 490 1:0 


* Calculated from formula shown at top of page and dividing by number of days in period of observation, i.e., three except in Case | 


which was four. 
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if the body weight is kept constant. Theoretically, 
given a Calorie intake sufficient to balance energy 
expenditure, a constant body weight, as aimed at 
in our cases, should not imply overhydration. 


Clinical Findings. Relatively few clinical dis- 
turbances were observed. All three patients 
vomited. The elder child (Case 1) was mentally 
disorientated during the late stages of the anuric 
phase while R.J. (Case 2) was unduly restless during 
this period. 

In Case | absent bowel sounds with abdominal 
distension and absolute constipation were noted 
throughout the anuric phase. The return of bowel 
sounds coincided with a fall in serum potassium of 
2:2 mEq./litre and heralded the onset of diuresis 
by 12 hours. Similar findings were not observed 
in the other patients. 

A purpuric eruption developed on the seventh day 
of anuria in Case 1. No abnormality of the blood 
clotting or bleeding times, prothrombin time or 
total platelet count was demonstrated. 

The infant R.J. (Case 2) was the only patient with 
pyrexia during this phase. As discussed later this 
may have been related to urinary infection. 

Hypertension was recorded in one patient only 
(Case 2); a maximum blood pressure of 190/130 mm. 
Hg was recorded during the anuric phase. His 
hypertension had subsided to 150/100 mm. Hg on 
the sixth day of diuresis and to 115/85 mm. Hg five 
months later; a blood pressure reading when last 
reviewed at 34 years of age was 90/55 mm. Hg. 
The renal tract infection which this child developed 
may have been partly responsible for delaying the 
fall in blood pressure to physiological levels. Swann 
and Merrill (1953) reported both a raised systolic 
and diastolic pressure in about one-quarter of their 
adult patients during the period of urinary sup- 
pression. 


Anaemia. The anaemia noted in all three children 
was normocytic and of such rapid onset as to make 
red cell destruction the likely mechanism. 

Only in Case 3 was the anaemia neither treated 
by blood transfusion nor influenced by the develop- 
ment of a urinary infection. In this child the 
major fall in haemoglobin occurred during the first 
week of diuresis. A similar observation has been 
reported by Strauss (1948) and Swann and Merrill 
(1953). It is possible that in our patient the anaemia 
had developed some days previously but its degree 
had then remained unrecognized because of a 
concomitant reduction in plasma volume. No 


response to oral iron was noted after two weeks’ 
treatment. 
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Serum Biochemistry. Biochemical results for 
blood and serum are shown in Figs. 1, 2 and 3. 
The rate of increase in blood urea during the early 
part of the anuric phase and before the institution 
of a high-calorie diet varied from about 40 mg./ 
100 ml. (Case 1) to 70 mg./100 ml. (Case 3) per day. 
The protein-sparing effect of the glucose-oil mixture, 
as mirrored by the rate of rise in blood urea, could 
not be assessed in Cases 2 and 3 as both these 
patients passed urine within 48 hours of starting 
this treatment. In Case 1 the rate of increase 
appeared to fall from 42 mg./100 ml. to 27 mg./ 
100 ml. per day. These figures agree with those 
of Bull et a/. (1949) in adults. 

The plasma bicarbonate level was reduced in all 
three patients. No corrective measures were 
adopted. Retention of organic acid, sulphate, and 
phosphate radicals is probably largely responsible 
for the acidosis of acute renal failure. This is 
supported by evidence from Case 1. In this child 
anions, other than Cl’, HCOs;’ and protein (cal- 
culated by substracting the sum of these anions from 
the sum of the cations, Na~ + K~°), totalled 
25 mEgq./litre or approximately three times the 
physiological value. 

Low serum sodium and chloride and high 
potassium concentrations were recorded in these 
patients during the anuric phase. As will be noted 
later, an electrolyte shift between the intra- and 
extra-cellular compartments may have accounted 
for some of these changes. In two patients (Cases | 
and 2) the serum potassium rose to 8-5 mEq,./litre. 
Measures, additional to the high carbohydrate diet 
designed to reduce the serum potassium concentra- 
tion, were adopted in Case 1 only and included the 
use of ion exchange resins. Urine was passed 
within 24 hours of instituting these measures and 
no assessment of their efficacy could be made. A 
number of workers (Elkinton, Clark, Squires, 
Bluemle and Crosley, 1950; Evans, Jones, Milne 
and Yellowlees, 1953) have reported on the effective- 
ness of ion exchange resins in lowering the serum 
potassium concentration. 


Diuretic Phase 


Urine Volume. It is customary to divide the 
diuretic phase into an early period, in which the 
urine output remains relatively restricted, and a late 
diuretic period. The early diuretic period in these 
patients has been arbitrarily defined as the period 
during which the urine output remained less than 
20 ml./kg./day. This period was of variable 
duration, i.e., one, three and four days, and was not 
of comparable length to the anuric phase. 
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TABLE 2 
RESULTS OF EXAMINATION OF FIRST URINE SPECIMEN PASSED AFTER ANURIC PHASE 


Constituent or Test Case 1 


Case 2 Case 3 


White blood cells .. Occasional 


Red blood cells Occasional 
Other features of deposit 

Pp : 5-2 
Albumin 10 mg. % 
Glucose (Benedict’s test) .. Green 
Acetone (Rothera’s test) .. + 
Specific gravity 1,010 
Chromatography Not done 
Culture Negative 


Moderate Number Occasional 


None Very. occasional 
None None | 
No sulphonamide crystals | Numerous uric acid crystals 
30 mg. % > 100 mg. % 


Not recorded 


Greenish-yellow 
Not recorded 
1,009 


Not recorded 


No excess excretion of amino- 
acids or sugar 
> 


Amino-aciduria and glycosuria 


9 


Examination of First Urine Specimen Passed after 
Anuric Phase. The findings are listed in Table 2. 
These are substantially in agreement with previously 
recorded observations in adults. 

Albuminuria was maximal in Case 3. This 
gradually subsided and two weeks after the onset of 
diuresis could no longer be detected. 

Glycosuria was found in two patients (Cases 1 
and 3) and amino-aciduria in Case 3. The amino- 
acids excreted in excess by the latter patient were 
cystine, valine, leucine and isoleucine, aspartic acid, 
iysine and glutamic acid. Chromatographic studies 
two days later showed the same abnormalities but 
of lesser degree. No further urine specimens were 
examined until two years later; no amino-aciduria 
was then found. Similar observations of glycosuria 
and amino-aciduria have been reported by Lowe, 
Moodie and Thomson (1954) and Emslie-Smith, 
Johnstone, Thomson and Lowe (1956). From 
investigations of six adult patients with acute tubular 
necrosis, these workers concluded that both 
abnormalities reflected proximal tubular damage. 


Blood and Urine Urea Concentrations. During 
the first week of diuresis the rate of fall in blood 
urea was similar for each patient, namely 27, 22 
and 24 mg./100 ml./day in Cases 1, 2 and 3 respec- 
tively; the fall appeared to be uninfluenced when 
protein was added to the diet. The average urine 
urea concentration during this period was 
720 mg./100 ml. and 1,260 mg./100 ml. in Cases 2 
and 3; concentrations only two to seven times that 
of the blood were recorded. Urine urea was not 
estimated in Case |. 


Comparison of Serum Concentrations of Na~, 
CYP and K* with Urine Losses. In Fig. 4 serum 
concentrations of these ions have been compared 
with balance data. With efficient tubular function 
low serum Cl’ and concentrations result 
in a greatly reduced urinary loss of these ions; in 
our patients the urine losses were abnormally high 


in relation to low serum values, implying impaired 
tubular function. For example, in relation to low 
serum concentrations high urine losses of Na and 
Cl’ were recorded in Case | during the first three 
days of diuresis and of Na~ in Case 2 on the fourth 
and fifth days. During the fourth and fifth days of 
diuresis in Case | and the eighth, ninth and tenth 
days in Case 3, relatively large potassium losses 
occurred despite serum concentrations of 4 mEgq,/ 
litre or less. 

Evidence of impaired renal conservation of Na, 
Cl’ and K~ was less evident in Case 2 and no 
amino-aciduria or glycosuria was recorded, suggest- 
ing that tubular involvement may have been less 
extensive in this patient. This would also imply 
that the severity of tubular impairment is not 
directly related to the duration of anuria which in 
Case 2 lasted seven days compared with four days 
in Case 3. 

That the ability of the kidneys to conserve 
individual ions does not return at the same rate for 
all substances is illustrated by the data relating to 
Case 1. Appreciable conservation of sodium and 
chloride is evident on the fourth and fifth days of 
diuresis while potassium losses remain relatively 
uncontrolled for at least three more days (Fig. 4). 
The charts of Case 3 show similar features. 


Acid-Base Balance. Acidosis was recorded in 
these patients. The urinary pH although reduced 
was not as low as would be produced by a nor- 
mally functioning kidney in response to similar 
degrees of acidosis. The urinary pH in Case |, for 
example, varied between 5-2 and 5-6 in association 
with a serum COs-combining power of 17 and 
15 mEq./litre. 

Similarly there was evidence suggesting an 
impaired production of ammonia. In Case | urinary 
ammonia excretion during the first three days of 
diuresis was 0-25 mEq./kg./day and in Case 2 only 
0-01 mEq./kg./day. The urinary ammonia was not 
estimated in Case 3. 
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Trends in Extracellular Fluid Volume and Extra- 
to Intra-cellular Fluid Shifts. It was possible to 
make approximate estimates of chloride balances 
from intakes and urinary losses as shown in Fig. 4, 
since extrarenal losses of chloride were probably 
small. Changes in total body 
chlorides could therefore be 
calculated. Assuming that 
chloride does not pass into 
cells and that its extracellular 
concentration is proportional 
to that of the serum, volume 
changes in extracellular fluid 
were deduced with the follow- 
ing results. 

The extracellular fluid 
volume constant to 
within 7% in Case 2 between 
August 19 and 24. In Case 
1, there appeared to be an 
expansion of about 5% and 
10% on the first and third 
days of diuresis compared 
with the later period of 
anuria; this was followed by 
a contraction which was 
corrected by infusion of Hart- 
mann’s solution. In Case 3, 
calculations also suggested an 
expanding extracellular fluid 
volume during the first week 
of diuresis, especially the first 
four days. In Cases 1 and 3, 
therefore, the extracellular 
fluid volume at the end of 
anuria may have been below 
the physiological level. 

Assuming that the changes 
in extracellular fluid volume 
have been correctly estimated 
by this procedure, the total 
sodium and potassium con- 
tent of the extracellular fluids 
can be calculated and com- 
pared with the amounts re- 
tained or lost as estimated by 
the balance studies. In every 
case, potassium retained during the diuretic phase was 
greatly in excess of any change in the extracellular 
fluid content, indicating that potassium had passed 
Into the cells. These ceilular gains amounted to 
about 20 mEq. in one day in Case 1, and 70 mEq. 
in six days in Case 3. In corresponding periods, 
the cells appeared to have lost sodium into the 
extracellular fluid, the amounts being calculated as 


SODIUM. “ 


CHLORIDE. 7 


me.g./ doy. 


POTAS 


60 mEq. in Case | and 110 mEq. in Case 3. It was 
also possible in Case 1 to make approximate 
estimates of these ionic transfers for the anuric 
period; there was apparently appreciably more 
sodium in the cells at the end of anuria than there 


CASE 1, CASE 2 CASE 5, 


6 «68 2 24 2 28 7 
JANUARY AUGUST. DECEMBER, 


Fic. 4.—Balance data for sodium, potassium and chloride compared with serum concentrations. 


Arrow indicates onset of diuresis. 


Vertically hatched blocks = 24-hour intake. 
Diagonally hatched blocks = 24-hour urinary output. 
(Where upper margin of block is represented by interrupted line this indicates that, for calculation 
of output, urine volumes have been assessed from changes in body weight, after allowing for extra- 


renal losses and fluid intakes of water.) 


was after six days of diuresis when normal serum 
electrolyte concentrations had been restored. It is 
now well known that such transfers are liable to 
occur in periods of metabolic upset, such as acidosis. 
Their occurrence, however, needs to be considered 
together with the possibility of changes in extra- 
cellular fluid volume when planning the quantity of 
electrolytes to be given during the diuretic stage. 
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Management. Our régime was as follows: 

MAINTENANCE OF HyDRATION. Although we were 
aware of the likelihood of dehydration developing 
during this period, two patients (Cases 1 and 2) 
became dehydrated and required resuscitation with 
intravenous saline fluids. In retrospect, three main 
factors appear to have contributed: (a) Rapid 
transition from the early to the late diuretic period 
with sudden sixfold increases in urine output ; 
(b) inadequate administration of sodium and 
chloride; (c) accentuation of vomiting secondary 
to attempts at increasing the oral fluid and electro- 
lyte intake. In Case 3 it was possible to control 
hydration with oral fluids. In this patient the daily 
increase in urine volume was more gradual; vomiting 
was controlled with promethazine 8-chlorotheo- 
phyllinate (‘avomine’) which was not given to the 
other patients. In addition supplementary fluids 
were given by intragastric drip at night. 


REQUIREMENTS OF SODIUM, CHLORIDE AND 
Potassium. Urinary concentrations of these ions 
were estimated on 12-hourly collections in Cases 1 
and 2 and on 24-hourly collections in Case 3. The 
concentration of both sodium and chloride in the 
initial urine specimens was less than that of a plasma 
ultrafiltrate; the urinary potassium showed some 
degree of concentration from the beginning. During 
the first three days of diuresis the concentration of 
these ions varied considerably between patients, 
i.e., Na* 9-70 mEq./litre, Cl’ 3-64 mEq./litre and 
K* 21-83 mEq./litre. 

Mean urinary concentrations of sodium, chloride 
and potassium have been calculated for the early 
and late diuretic periods. In Cases 2 and 3 during 
the early diuretic period these were 22, 16 and 
34 mEgq./litre respectively; the comparable figures 
for the first three days of the late diuretic period, 
based on data from all three patients, were 41, 35 
and 25 mEq./litre. The mean urine losses during 
both the early diuretic and initial stages of the late 
diuretic periods approximated to 30, 25 and 
30 mEq. of Na*, Cl’ and K* per litre of urine. 

Balance data (Fig. 4) illustrate that in order to 
maintain physiologically normal serum concentra- 
tions it was necessary to give sodium, chloride and 
potassium in amounts greatly in excess of urine 
losses. Shifts between intra- and extra-cellular 
compartments, deficiencies occurring during the 
anuric period and intestinal losses probably 
accounted for these additional requirements. 
Accepting these children as representative cases, 
the sodium, chloride and potassium requirements 
during the initial stages of diuresis may be con- 
servatively assessed as between one and a half times 
and twice the urine losses, i.e., approximately 50, 
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40 and 50 mEq. of Na‘, Cl’ and K* per liive of 
urine voided. In view of the acidosis, limited ‘enal 
production of ammonia and maximally acid urine, 
it would seem rational to give alkali to these patients, 
A stock solution containing 0:35 g. % potassium 
chloride and 0:45 g. % sodium _ bicarbonate 
= 47 mEq./litre K~, 47 mEq./litre Cl’, 54 mEq,/ 
litre Na* and 54 mEq./litre HCOs’) given in 
amounts equal to the urine output and diluted with 
a quantity of 10° glucose solution sufficient to 
balance extrarenal losses of water would provide 
these estimated requirements. During the first 
24-48 hours of diuresis or until the serum potassium 
concentration has fallen to near normal, this 
solution should be substituted by one containing 
0-15 g. % sodium chloride and 0-2 g. % sodium 
bicarbonate (= 50 mEgq./litre Na~, 25 mEq./litre Cl’ 
and 25 mEq./litre HCOs;’). A milk diet can be 
introduced early in the diuretic phase on the 
evidence of an established diuresis and a falling 
blood urea. Much of the sodium, chloride and 
potassium requirements will be provided by milk 
(Na~ 22 mEq./litre, K* 41 mEq./litre and CI 
28 mEq./litre) but additional supplements may be 
necessary if renal conservation is not fully re- 
established. 


Clinical Features. Increased vomiting occurred in 
all three patients when additional oral fluids and 
electrolytes were given to balance increasing urinary 
losses. 

The collapse noted in Case 1, 28 hours after the 
onset of diuresis, could not be correlated with any 
specific biochemical disturbance; although the 
serum potassium concentration fell in this patient 
to 3 mEq./litre two days later, no clinical disturb- 
ances were then noted and an E.C.G. showed no 
abnormality. 

The two patients (Cases | and 2) who were 
catheterized developed urinary infections. In Case! 
an indwelling catheter was used. In this child the 
urine became infected with Candida albicans; this 
organism had been recovered some days previously 
from patches of oral thrush presumed to have 
developed in association with antibiotic treatment. 
In Case 2, Pseudomonas pyocyanea was grown in 
pure culture from urine passed on the seventh day 
of diuresis. This finding was confirmed subse- 
quently on several occasions. Unfortunately, of 
previous urine samples none were cultured and only 
the first specimen passed after the anuric phase was 
examined microscopically, an excess of white blood 
cells being reported. This was the only child to 
have a pyrexia during the anuric and early diuretic 
phases. It is probable that the urinary infection 
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had been present several days before its discovery 
and had followed catheterization on the third day 
of anuria. This contention is supported by the 
ynusual infecting organism and absence in a male 
child of any demonstrable renal abnormality on 
subsequent investigation. These observations would 
indicate that catheterization of this type of patient 
should be avoided if possible. Accurate urine 
collections can be obtained, as in Cases 2 and 3, 
with apparatus similar to that used for metabolic 
studies (e.g., Blainey, 1956). 


Aetiology 


The reason for the development of acute renal 
failure in these patients must, on the available 
evidence, be largely speculative. 

The three children had an infection at the onset of 
renal failure, namely pneumonia, coryza and otitis 
media; only in Case 1 was the infection severe. 

The onset of anuria did not coincide with a state 
of shock. Vomiting with secondary clinical de- 
hydration was a probable contributary factor in 
Case |. In the other two children vomiting was 
less troublesome and dehydration was not evident 
in the early stages. 

In all three patients the onset of anuria coincided 
with the giving of antibiotics or chemotherapy. It 
is probable that the urinary suppression in Case 2 
was related to ‘sulphatriad’ medication. That 
sulphonamides may cause oliguria or anuria is well 
authenticated. In some instances this may result 
from tubular and ureteric obstruction by sulphona- 
mide crystallization; in others hypersensitivity has 
been invoked as explanation. The latter hypothesis 
would appear to apply to our patient. This infant, 
who had infantile eczema, had been given only 
2:5 g. ‘sulphatriad’ (sulphathiazole, sulphadiazine 
and sulphamerazine), part of which had been 
vomited. The first urine passed after the anuric 
phase (pH 5-2) contained no excess of red blood 
cells and no sulphonamide crystals. 

An abnormal response to penicillin was evident 
in Case 3. Vomiting and collapse followed by a 
period of polyuria occurred one and a half hours 
after an injection of crystalline penicillin; a 
generalized erythematous rash appeared half an hour 
after a second injection given 24 hours later. 
Urinary suppression developed about 18 hours after 
the first injection. On the basis of these observa- 
tions it is considered that the penicillin was at least 
a contributory factor in the development of renal 
failure. Only one reference (Merrill, 1955) has been 
found citing acute tubular necrosis as a complication 
of penicillin therapy, although various adverse 
reactions, mostly of a hypersensitive nature, have 
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been reported (Batchelor, Horne and Rogerson, 
1951; Kern and Wimberley, 1953; Mayer, Mosko, 
Schutz, Osterman, Steen and Baker, 1953). 

That the intravenous aureomycin was in any way 
an aetiological factor in Case 1 rests entirely on the 
timing of events. The incrimination of this anti- 
biotic must therefore be very tentative, especially as 
pneumonia, for which the child received this treat- 
ment, is mentioned by Darmady (1952) as a cause 
of acute tubular necrosis. 

None of the children had previously received 
similar therapy. The mother of the infant H.G. 
(Case 3), however, had been given penicillin injec- 
tions during the fourth month of her pregnancy. 
No evidence was obtained of allergic manifestations 
in these patients or their relatives, except for 
infantile eczema in Case 2. 


Prognosis 

There are no published long-term follow-up 
reports of children recovering from acute tubular 
necrosis and few reports of adults. Lowe (1952) 
reported on a follow-up of 14 adult patients seen 
between one month and three years after their 
initial illness. He concluded that a favourable 
prognosis could be given once recovery from the 
acute episode had occurred. However, renal 
function, although adequate, tended to remain 
below the lower limit of normal. Similar observa- 
tions were recorded by Finkenstaedt, O’Meara, 
Weller and Merrill (1953). 

Our three patients have been reviewed two and 
three years after their illness. All three have 
remained in good health. Two (Cases | and 3) are 
below average weight and height for age. None 
have a_ hypertension. Endogenous creatinine 
clearances are considered to be within normal limits 
in Cases 1 and 3, and only somewhat reduced in 
Case 2. Cases 1 and 2 have a slightly raised blood 
urea. The significance of these minor abnormalities 
is difficult to assess. A firm prognosis can only be 
based on long-term follow-up of more children, but 
so far as our studies go, a good prognosis can be 
offered. 


SUMMARY 

Three cases are described of acute tubular necrosis 
with anuria of four to eight days’ duration. These 
patients, two babies and a 5-year old child, 
recovered. The results of a review of these children 
two to three years later are given. 

The treatment, which was conservative, is outlined 
and the difficulties encountered discussed. Extra- 
renal fluid losses have been calculated and serve 
as a guide to the fluid requirements of similarly 
affected children. They proved to be about double 
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currently accepted figures for basal insensible losses 
under physiological conditions. 

Possible aetiological factors are discussed ; 
penicillin is regarded as having been a contributory 
factor in one patient. 

Clinical, haematological and urinary disturbances 
are noted and their significance and prevention 
discussed. 

Results of biochemical determinations on the 
blood are recorded; these are related to biochemical 
determinations on the urine and balance data for 
sodium, chloride and potassium for the early stages 
of diuresis. Treatment is considered in relation to 
these observations. Estimates of extra- to intra- 
cellular ionic shifts and extra-cellular fluid volume 
changes are computed. 


Our thanks are due to Drs. W. C. Smallwood and 
W. H. P. Cant for permission to publish these cases, 
Dr. H. Bickel for the chromatographic studies, Dr. 
J. D. Blainey for advice in the treatment of these patients 
and preparation of this paper, Miss E. M. Hickmans, 
Mr. H. B. Salt and the staff of the Biochemical Depart- 
ment for the biochemical data, the ward sisters and nurs- 
ing staff for their invaluable assistance and Mr. R. A. 
Crockson for the diagrams. 
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The close association of certain specific sero- 
logical types of Esch. coli with diarrhoea and 
vomiting in infancy is now generally accepted 
(Taylor and Charter, 1952). It is not yet known, 
however, why some infants, from whose faeces 
these organisms are isolated, develop more severe 
symptoms while others have a mild illness and some 
remain symptom free. 

It has recently been suggested by Ross and Dawes 
(1954) that the growth of these organisms in the 
intestinal tract may be influenced by certain environ- 
mental factors. These workers showed that specific 
Esch. coli types do not multiply at low pH values. 
They claimed that the resistance of the breast-fed 
infant to gastro-enteritis might be due to the low 
intestinal pH and lactobacillary flora, which are 
found in the child receiving human milk. Ross and 
Dawes (1954) attempted to lower the pH of the 
stools of a series of artificially-fed infants by the 
addition of lactose to National dried milk formulae, 
but they could only obtain a temporary and partial 
effect. Their studies, however, were carried out on 
healthy infants receiving normal feeds: they did not 
investigate the effect of oral lactose in infants suffer- 
ing from gastro-enteritis who were receiving clear 
fluids or dilute milk feeds. 

It seemed possible that the severity of the illness 
might be directly related to the quantity of the 
specific Esch. coli in the intestinal tract. Quantitative 
assessment of the daily faecal excretion of these 
organisms presents many technical difficulties. It 
was considered, however, that a rough estimate of 
the quantitative excretion of these organisms might 
be obtained by an investigation of their constancy 
of excretion in the stools. 

The purpose of the present study was to investigate 
the effect of various oral doses of lactose on the 
faecal pH and lactobacillary flora of babies suffering 
from gastro-enteritis. This study also afforded an 
opportunity of finding out if there was any relation- 
ship between the severity of the symptoms and the 
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constancy of excretion of specific Esch. coli in the 
stools. 


Patients and Methods of Investigation 


The patients in the whole series comprised 32 infants 
with clinical signs of gastro-enteritis, who were studied 
in the Children’s Hospital, Birmingham, during the 
period January-August, 1954. 

The illness was classified as severe, moderate or mild, 
according to the following criteria: severe, requiring 
intravenous fluids; moderate, requiring ‘ clear fluids ’ by 
mouth or gastric drip; mild, requiring dilute milk feeds. 
Infants with parenteral infections were not excluded from 
the series and antibiotics were used in these cases. 

The infants were allocated, on admission or on clinical 
evidence of cross-infection, alternately to the lactose © 
group and to the control group. The last four infants 
were added to the lactose group in order to increase the 
number of cases in this group. 


Lactose Group. The initial treatment was with clear 
fluids consisting of lactose in N/5 saline. The first two 
infants were given 5% lactose: as this dosage was well 
tolerated, but did not produce any alteration in the pH 
of the faeces, the next seven infants were given 10% 
lactose, and the last nine infants received 20% lactose. 

When milk feeds were begun, lactose was added in 
place of sucrose; the percentage of lactose in these feeds 
then fell from the initial figures of 5%, 10% and 20%, 
to 5%, 7-5% and 11-12% respectively. 


Control Group. The initial clear fluid in this group 
was 5% dextrimaltose in N/5 saline, except when bio- 
chemical evidence of electrolyte imbalance indicated the 
use of other solutions. On beginning milk feeds sucrose 
was substituted for dextrimaltose, the sugar content of 
the feed then reaching 7-5%. 


Investigations. Before the start of therapy a specimen 
of faeces for bacteriological examination was obtained 
from each child. Thereafter subsequent daily specimens 
were obtained when possible. The following investiga- 
tions were carried out on each specimen: 

pH. This was estimated by means of B.D.H. indicator 
papers. 
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INTESTINAL FLORA. An assessment was made in two 
ways: (1) A faecal smear was stained by Gram’s method 
and the proportion of lactobacilli in the smear was 
assessed by direct microscopical examination. 

(2) The faeces were investigated for specific Esch. coli 
types: O.111, O.55, 0.26, 0.86, 0.114, 0.125, O.119, 
O. 44, E.10732, E.6111 and E.2581. Each specimen was 
plated directly on MacConkey’s medium and incubated 
for 18 to 24 hours at 37° C. At least four colonies from 
each plate were tested by slide agglutination against 
antisera to the above types. Confirmation of positive 
slide agglutination was obtained by tube agglutination to 
titre with O and B sera. 


Results 


The Effect of Lactose on PH of Faeces. The 
initial faecal pH in the lactose group ranged from 
4-9 to 8-5 with a mean of 6-4: in the control group 
the corresponding range was 5-5 to 8-8 with a mean 
of 7-2. Only one infant (in the lactose group), who 
was partially breast-fed on admission to hospital, 
had a faecal pH below 5:0. 

From Table 1 it will be seen that only one of the 


TABLE 1 


EFFECT OF ORAL LACTOSE AND DEXTRIMALTOSE ON 
pH OF FAECES IN INFANTILE GASTRO-ENTERITIS 


Lowest Faecal pH Attained 


Total | 
4-4-9 | 5-5-9| 6-6-9 | 7-7-9| 8-8-9 


Cases 


Dextrimaltose 
5% 


nine infants receiving an initial dose of 5% or 
10% lactose attained a faecal pH below 5:0. On 
the other hand, the faecal pH fell below 5-0 in all 
nine infants receiving 20% lactose: this group, 
however, included the infant whose initial faecal pH 
was below 5:0. The low pH values attained on 
20% lactose did not persist for more than a few 
days, and the pH reverted to the original values 
while the infants were on the same dose of lactose. 
In the infant whose initial faecal pH was 4:9, the pH 
remained unchanged for two days on 20% lactose 
and then gradually rose to 7-9. 

These findings would suggest that, in infants with 
gastro-enteritis, a high dosage of lactose may 
produce a temporary reduction in faecal pH. 


The Effect of Lactose on Faecal Lactobacilli. On 
admission, only two infants had more than 25% 
lactobacilli in the faecal smears. 
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From Table 2 it will be seen that lactose in a 
dosage of 5% or 10% had no greater effect than 
5% dextrimaltose in increasing the proportion of 
lactobacilli. However, in all nine infants rec: iving 
20% lactose the proportion of lactobacilli rose :bove 
50%: of the two children who attained ovei 75% 
faecal lactobacilli, the one receiving lactose required 
five days for this effect compared with 18 days for 
the child receiving dextrimaltose. Again _ this 
increase in faecal lactobacilli lasted only a few days, 

It would thus appear that lactose in high dosage 
can produce a temporary increase in faecal lacto- 
bacilli in children with gastro-enteritis. 


TABLE 2 
EFFECT OF LACTOSE ON FAECAL LACTOBACILLI 


| Greatest Proportion of 
| Lactobacilli Attained 


Lactose 


Dextrimaltose | 


y ++ = 50-75% of total flora 
nder 50% of total flora +++ = over 75% of total flora 


Effect of Lactose on Duration of Excretion of 
Esch. coli Types. Specific Esch. coli types were 
isolated from the faeces of 19 of the 32 children: 
type 0.111 from 16; type O.55 from one; type 0.125 
from one; type O.26 from one. 

In the lactose group, specific Esch. coli types were 
isolated from the stools of 10 of the 18 infants: eight 
of these 10 infants were still excreting the organism 
on discharge from hospital, at periods ranging from 
six to 19 days after beginning lactose. 

In the dextrimaltose group, Esch. coli types were 
isolated from the stools of nine of the 14 infants: six 
of these nine infants were still excreting the organism 
on discharge, at periods varying from four to 36 days 
after commencing dextrimaltose. 

These results indicate that lactose, as used 
in this trial, did not appear to exert a significant 
suppressive effect on the excretion of specific Esch. 
coli types. 

Severity of Symptoms and Constancy of Excretion 
of Specific Esch. coli Types. For the purpose of this 
study a ‘constant excretor’ was defined as an infant 
from whom no stool culture negative for the infecting 
Esch. coli was obtained during the whole period 0! 
excretion of that type in his stools. An ‘inconstanl 
excretor’ was an infant from whom one to three 
successive negative cultures were obtained during 
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in the lactose group. 


the period of excretion of that organism: a positive 
culture obtained after more 
than three negatives was 
considered a re-infection. 
Correlation of the severity 
of the illness with the 
excretion of specific Esch. 
coli types is depicted for 
the lactose and dextrimal- 
tose groups in Figs. 1 and 
2 respectively. In_ the 
lactose group, Cases 1-8 
were constant excretors and 


CASE 
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who were clinically well. Both moderate and mild 
illnesses were sometimes associated with constant 
excretion and sometimes with inconstant excretion. 

These findings might suggest that the severity of 
the illness bears some relationship to the quantity 
of specific Esch. coli excreted. 

Discussion 

The influence of diet on the intestinal flora and 
intestinal pH has been studied intensively by various 
investigators. It has been shown that a diet rich 
in carbohydrate produces a predominantly Gram- 
positive ‘aciduric’ intestinal flora, whereas a high- 
protein diet results in a predominantly Gram- 
negative flora (Herter and Kendall, 1908, 1910; 
Hudson and Parr, 1924). The importance of 
lactose in producing this aciduric flora was stressed 
by Escherich (1886). Since then, many workers 
have investigated this effect. Thus, Hull and 
Rettger (1917) showed that a diet rich in lactose 
had a marked influence on the intestinal flora of 
man. Gerstley (1930) claimed that the addition of 
12% lactose to the feeds of infants receiving cow’s 
milk resulted in stools clinically and chemically 
similar to those obtained from breast-fed babies. 
On the other hand, Sisson (1917) could not confirm 
Gerstley’s findings. The relationship of a low pH 
with an aciduric flora was demonstrated by Cannon 
and McNease (1923). Subsequently, Cruickshank 


(1925) demonstrated in experiments in vitro that 
Esch. coli failed to grow in a medium whose pH 
was lower than 5-0. 


Cases 9 and 10 inconstant 312 
excretors. In the dextrimal- 

tose group, Cases 1-7 were 

constant and Cases 8 and 7 

9 inconstant excretors. It 


will be seen that severe © 5 10 
illness was always associated 
with constant excretion of 
the organism: on the other 
hand constant excretion of 
a Spec'fic type was occasion- 
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FiG. 2.—Severity of illness and excretion of specific Esch. coli types in the dextrimaltose group. 
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The present study has shown that, in children 
suffering from gastro-enteritis who are receiving 
clear fluids or dilute milk feeds, the administration 
of oral lactose did not reduce the faecal pH below 
5-0 until the lactose was given in a very high dosage 
(20% of the formula). Even with this high dosage 
the reduction in faecal pH was only temporary, and 
the pH rose again after a few days on this dosage. 
Coincident with the fall in pH, the proportion of 
faecal lactobacilli increased, but never attained the 
predominance found in the stool of the breast-fed 
infant. These findings with oral lactose in children 
with gastro-enteritis are similar to those obtained by 
Ross and Dawes (1954) in healthy, artificially-fed 
infants. 

It is evident from our investigations that the 
temporary reduction in faecal pH, achieved by high 
dosage with lactose, was not sufficient to eliminate 
specific Esch. coli types. In order to find out if the 
temporary reduction in faecal pH achieved by lactose 
did exert any suppressive effect in vivo on the growth 
of these organisms it would be necessary to carry 
out serial quantitative estimations of the excretion 
of the specific type. This was not done in the 
present study. However, our finding that a severe 
illness was always associated with constant excretion 
of the organism might suggest that the quantity of 
a specific Esch. coli type excreted in the faeces bears 
some relationship to the severity of the disease. 

Gyorgy (1953) has shown that human milk con- 
tains a factor which is necessary for the growth of a 
strain of lactobacillus bifidus, and that this factor 
contains glucosamine, fucose and_ galactose. 
Springer, Rose and Gy6drgy (1954) studied the 
distribution of this ‘bifidus factor’ in human and 
animal secretions and showed that hog gastric 
mucin contained an appreciable quantity. As 
gastric mucin seemed suitable material to feed to 
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infants, we added gastric mucin to the feeds of iwo 
infants who were not suffering from any intes: inal 
disorder. It was given in a dosage of 3% for a 
period of seven days. No reduction in faeca! pH 
or increase in the proportion of faecal lactobicilli 
resulted in either of these infants. To achieve these 
effects it might be necessary to try several prepara- 
tions containing the ‘bifidus factor’, in various 
dosages, over various periods of time. Again, it is 
possible that several interrelated factors are neces- 
sary for the production of the aciduric intestinal 
flora of the breast-fed infant. 


Summary 


In a series of infants with gastro-enteritis a high 
dosage of lactose (20% of the feed) was required to 
lower the pH of the faeces below 5-0, and to produce 
a significant increase in faecal lactobacilli. These 
effects, however, were only temporary. 

Lactose appeared to produce no suppressive effect 
on the excretion of specific Esch. coli. 

A_ severe illness was always associated with 
constant excretion of the specific Esch. coli. 


I wish to thank Professor J. M. Smellie for his interest 
and advice and for permission to publish this paper. | 
am grateful to Dr. K. B. Rogers for the bacteriological 
studies and to Dr. C. Ross for her constant help. 
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The British Paediatric Association—1928-1952. By 
H. C. CAMERON. (Pp. 107; 4 plates. 12s. 6d.) 
London: The British Paediatric Association. 1955. 
The fact that a history of the British Paediatric Asso- 

ciation has been published after only 25 years is, in 
itself, a compliment to its members. Those who read it 
will find a contemporary account of the great advances 
in recent years and of those who helped to model 
paediatrics in this country. 

This interesting and well produced book pays tribute 
to the work of the B.P.A., especially during the war 
years when the Association turned its attention to current 
problems. Members may well feel proud of the con- 
tribution it has made. 

The sensitive pen of Hector Cameron portrays the 
friendliness and good will on which the B.P.A. has 
thrived, and there are some delightful sketches of the 
great ones who have left their mark. Tribute is rightly 
paid to James Spence and Donald Paterson for their 
prescience in founding the Association, and for their 
inspiration in choosing the lovely setting at Windermere 
for its scientific and friendly meetings. A book with 
which all those interested in British paediatrics may 
spend a happy evening. Thank you, Dr. Cameron. 


The Care of Young Babies. By JOHN GIBBENS. (Pp. 
v+212; illustrated. 6s.) London: J. & A. Churchill. 
1955. 

This book deserves the success it has had. It is clear 
and easy to read and there is rarely anything to cavil at. 

On page 85 it is suggested that the child should receive 
alittle fruit juice occasionally. It does not seem clearly 
stated anywhere that babies who are not breast-fed 
should receive some vitamin C preparation daily, even 
before mixed feeding is started. 

Dr. Gibbens’ advice on page 99 to tell the baby firmly 
that he mustn’t make a mess at meal times is unfashion- 
ably severe and liable to diminish the enjoyment the child 
will take in his food and therefore possibly conduce to 
feeding difficulties in the second year. Even more do 
I regret the emphasis on stopping thumb sucking at its 
outset, although certainly Dr. Gibbens explains that one 
Must get to the root of the trouble. The same thing applies 
‘0 the recommendation that mothers must ‘make a 
stand’ about children who wake and cry in the night. 
There is no mention, on pages 130-1 that in the early 
months the baby, not knowing the difference between 
night and day, may wake expecting a feed. Yet, on 
Page 184, the excellent advice is given, ‘Give the baby 
‘night feed and in a few minutes the whole household 
will have settled down’. 
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It is not clearly explained to the mother that napkin 
rash is commonly caused by fermentation of the urine 
after it is passed and no poisoning has ever resulted from 
the use of dusting powders containing 5% boric acid, 
which is put in to neutralize the alkalinity of the talc. 

I doubt whether the average mother in this country 
would know how to take a rectal temperature on her 
first baby. 

I would like more emphasis given to hunger as a cause 
of wind, and colic and vomiting from underfeeding is a 
rather surprising omission in a book which is as complete 
as this one is. 

Is it not desirable that otorrhoea should immediately 
be put under the supervision of a doctor. rather than 
advising the mother to deal with it herself (p. 175)? 
Does diphtheria leave a child with a crippled heart? 
These are small criticisms of a book which is good, and 
very reasonably priced. 


The Changing Child: The Convocation Lecture 1956 of 
the National Children’s Home. By ALAN MONCRIEFF. 
(Pp. 31. 1s.) London: National Children’s Home. 
The Convocation Lecture of the National Children’s 

Home is given annually by a distinguished exponent of 

some aspect of child welfare practice. The first lecture, 

in 1946, was given by Sir James Spence, and in 1947 the 
lecturer was Professor Capon. From then onwards the 
lecturers have followed differing disciplines and it was 
only in 1956 that the choice fell once more on a practising 
paediatrician in the person of Professor Moncrieff. 

The theme of the 1956 lecture is the ever-changing 
nature of the developing child, and throughout this brief 
survey of the changes which take place the wide variations 
in the normal child are stressed. Without attempting in 
any way to clutter up the issue with a mass of scientific 
facts Professor Moncrieff, in his fluent prose, re- 
emphasizes to all those concerned with the welfare of the 
developing child the necessity for remembering that 
change within wide limits is inherent and not to be 
regarded as some aberration calling for medical or 
psychological ‘therapy’. 


Breast Feeding, 2nd ed. By F. CHARLOTTE NAISH. 
(Pp. xiv+161; 22 figures. 12s. 6d.) London: 
Lloyd-Luke (Medical Books) Ltd. 1956. 

Dr. Charlotte Naish received the ‘Sir Charles Hastings 
Clinical Essay Prize’ of the British Medical Association 
for the original manuscript of this book nine years ago. 
The author points out that much has been written on the 
subject in the past nine years; small and real advances 
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have been made, but there has been a change of fashion 
rather than a great amount of new knowledge. 

Dr. Naish writes as a general practitioner experienced 
in child welfare, and furthermore she is the mother of 
five children to whom she dedicates this book. It is not 
surprising, therefore, to find much common-sense and 
practical wisdom in these pages. Recently there has 
been a tendency to underfeed babies and it is refreshing 
to read the obvious statement that the most important 
thing of all is to feed the child. To provide as much as 
possible of that food from the breast is only a secondary 
consideration. There is no insistence on breast feeding 
alone if this leads to an underfed baby. There is, 
however, much good advice to help to ensure successful 
breast feeding. 

The chapter on ‘The Mind of the Mother’ is admirable 
and should be read by all paediatricians. We are here 
given an insight into the emotional experiences of the 
newly delivered mother and a frank discussion of the 
various outside opinions influencing her at this time, 
including on occasions bad advice from doctors, nurses 
and health visitors. 

The chapters dealing with the establishment of 
lactation are also particularly good. Dr. Naish classes 
the third to the sixth weeks as the danger weeks, as the 
majority of cases of failure in breast feeding occur then. 
She outlines the reasons for this and her recommenda- 
tions for prevention of this failure are practical. 

On p. 99 it is suggested that the most important 
remedy to stop a baby waking during the night is to put 
him in a room out of his mother’s hearing. Few 


mothers would be happy with this arrangement, although 
most would agree to a separate room. The habit of 
waking at night usually disappears spontaneously if 
feeding is satisfactory. Meanwhile, it is surely better to 


feed the baby if he wakes from hunger. Three other 
minor criticisms are that on p. 131 sulphonamide is 
recommended for the treatment of breast abscess if 
penicillin fails. Most people would prefer to use 
another antibiotic. On p. 152 it is stated that a baby 
with a cleft palate cannot suck from a bottle. Many of 
these babies feed perfectly well from a bottle using a 
large, rather flabby teat. Furthermore, it is surely 
unnecessary to carry out a Wassermann test on every 
baby with such a common condition as snuffles, as 
recommended on p. 139. 

The book is especially intended for general practi- 
tioners, midwives and health visitors. It is written in a 
pleasing style, set out well, making reading easy. 
Paediatricians will also profit from studying its pages. 


Physiology and Pathology of Infant Nutrition, 2nd ed. 
By L. F. Meyer and Eric Nassau. Translated by 
Kurt Glaser and Susan Glaser. (Pp. ix+533; 61 
figures. 82s. 6d.) Springfield, Illinois: Charles C. 
Thomas; Oxford: Blackwell Scientific Publications. 
1955. 

The Israeli authors of this book have the opportunity of 
seeing many nutritional disturbances which only occur 
infrequently nowadays in the western hemisphere, and 
this colours their whole work. In Part I, which deals 
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with the physiology of nutrition, the chemical advani iges 
of breast milk are demonstrated, and the normal flora of 
the infantile intestines are well described. It is probably 
not widely known that Proteus and Ps. pyocyanec are 
present in the large bowel of two-thirds of normal 
infants, and 22% of them harbour paracolon bacilli, 
While the importance of breast feeding is adequately 
stressed, the psychological difficulties of the mother are 
sensibly and sympathetically considered. Artificial 
feeding is treated somewhat dogmatically, but some of the 
dogmata are sound, e.g., that the correct food for the 
child is that which gives an adequate gain in weight. 
Others are more questionable. 

Many debatable recommendations are made about 
the management of the newly born and breast feeding. 
‘Rooming in’ is said to cause a greater exposure to 
infection, the smoking mother is limited to five cigarettes 
a day, diabetes and a previous mastitis are given as 
contraindications to breast feeding, and the newly born 
baby is given weak tea and saccharin before the milk 
comes in. In describing suction, the serious mistake is 
made of describing the areola as the nipple. In dis- 
cussing prematurity the astonishing statement is made 
that retrolental fibroplasia occurs in 60% of all pre- 
mature babies and that it may be connected with the 
early intake of vitamins A and D. Dried milk is rele- 
gated to one small paragraph. The advice to use cereal 
waters for diluting cow’s milk will find little support, 
and the addition of fat to milk mixtures is a harmful 
anachronism. Vegetable puree containing mashed 
potatoes from a plate may be considered rather advanced 
for a baby of 4 months even in these days. The use of 
egg white before the age of 9 months is not advised for 
fear of allergy—surely an excess of caution. The very 
advanced methods of feeding the child from the third 
month onwards contrast strangely with the advice to 
feed the newly born on very weak formulae. 

Part II is devoted to the pathology of nutrition. 
Many pages are devoted to the treatment of atrophy 
and decomposition, which are seldom met with nowadays. 
Hiatus hernia is apparently uncommon in_ Israel. 
Adrenal cortical insufficiency is poorly described, and 
renal acidosis and idiopathic hypercalcaemia are not 
mentioned. On the other hand, ‘Neh/narschaden’ and 
rickets, which are now very rare, are dealt with at length. 
Overfeeding is placed high in the aetiology of gastro- 
enteritis, in the antibiotic treatment of which no mention 
is made of chloramphenicol palmitate, and aureomycin 
is said to be equally efficient as chloramphenicol. Intra- 
venous drip therapy is inadequately described, and the 
dietetic treatment unnecessarily complicated. An inter- 
esting final chapter on constitution and disease contains 
such a good description of ‘lymphatism’ as almost to 
persuade the reader of its existence. 

The book suffers from translation. Many expressions 
are rendered too literally from the German, and this 
makes difficult reading. Spelling mistakes abound and 
nearly all infinitives are split. The book cannot be 
considered suitable for students, but the experienced 
paediatrician will find it useful if he comes across nutt- 
tional disorders which are now out of the ordinary. 
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The Biochemistry and Physiology of Bone. Edited by 
GEOFFREY H. Bourne.(Pp. 875; illustrated. $20.00.) 
New York: Academic Press Inc. 1956. 


This excellent and comprehensive account of the 
biochemistry and physiology of bone by 28 contributors 
clearly succeeds in the avowed intention of providing a 
complete survey of the additional knowledge gained as 
the result of the research in almost all aspects of bone of 
the last quarter of a century. 

The subjects covered include full accounts of each of 
the basic constituents of bone, ground substance, 
collagen, and mineral, as well as detailed studies of 
osteogenesis and biochemistry. The chapter on radia- 
tion effects is a valuable feature, and considerable space 
in this book has been rightly devoted to the effects of he 
ductless glands on bone and bone growth. The title 
does not, however, do justice to the wide scope of the 
contents; of necessity there is constant reference to disease 
in almost all chapters, and the chapters on vitamin C 
and vitamin D are much concerned with pathology, 
while that on pathological calcification is one of the 
longest in the book. This, incidentally, would benefit 
by sterner editorial pruning. Each chapter has been 
written by an acknowledged authority in his field who 
has made original contributions to the literature, and an 
idea of the thoroughness with which the survey has been 
carried out is well illustrated by the fact that one whole 
chapter is devoted to the osteoblast and another to the 
osteoclast. That these two chapters are written by 
different contributors certainly shows that this is, indeed, 
the age of specialism. As the Editor, Geoffrey Bourne, 
states in the preface, some overlapping between chapters 
is inevitable. This has not led to serious discrepancy or 
confusion, but a minor contradiction is found between 
the statement in chapter 15, p. 470, that fracture callus 
is formed by the differentiation of granulation tissue, 
and the statement in chapter 16, p. 482, that the invasion 
of blood clot by granulation tissue has nothing to do 
with the formation of fracture callus. 

A presumed error of diction is found in chapter 4, 
where we find (p. 100) the statement . . . ‘the existence of 
these polysaccharides in both tissues is not surprising in 
view of the formation of bone by calcification of cartilage’ 
(reviewer’s italics). 

The illustrations are, in the main, very good, but some 
photomicrographs suffer from the paucity of space 
allotted to them. 

References to the literature are numerous and up to 
date, and are found at the end of each chapter; and there 
8 a complete author index as well as a subject index at 
the end of the book. 

The paediatrician will find of especial interest the 
chapters on vitamin C and vitamin D, on the effects of 
radiation, of hormones on pituitary and skeletal develop- 
ment, and the chemistry of calcification. 

This book can be confidently recommended to both 
research workers and to clinicians, and to all teachers of 
medics] students pre-clinical and clinical. The patho- 
logist should certainly possess this book. 

The Editor and his collaborators are to be congratu- 
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lated on having succeeded in making a major contri- 
bution to the world literature on bone. 

The reviewer is relieved to find after the exhaustive 
discussions on the roles of the osteoblast and osteoclast 
that he may continue to believe that osteoblasts form 
bone and osteoclasts remove bone; and to find also that 
nothing is adduced in this book to refute the basic 
teaching of S. L. Baker that pathological changes in 
bone structure can be mediated only through the 
operation of the two opposed processes of osteoblastic 
deposition and osteoclastic resorption. 


Das Skelett des Kindes. By W. Swosopa. (Pp. xii+ 
184; 199 figures. DM. 48.—) Stuttgart: Georg 
Thieme. 1956. 

This new monograph deals with the skeleton of the 
child, its development and diseases, congenital and 
acquired. 

The first chapter describes briefly the clinical and 
radiological methods of examination of the skeleton; 
the second chapter gives a fuller account of radiological 
diagnosis of skeletal abnormalities. Then follow 
chapters on developmental, endocrine, nutritional, 
metabolic and inflammatory conditions and those 
affecting the reticulo-endothelial system. The last two 
chapters contain a much briefer account of neoplastic 
and traumatic conditions. 

The writer does not confine himself to describing the 
skeletal abnormalities but makes brief reference also to 
aetiology, symptoms, diagnosis and therapy. It is 
indeed astonishing how much valuable information he 
has managed to compress into 165 pages. 

Adequate reference is made to important English and 
American papers, though naturally the continental 
literature is quoted more extensively. Unlike some 
medical writing in that language, Dr. Swoboda’s German 
is easy to read, even for those whose knowledge of 
German is not great. 

The book is beautifully produced and the quality of 
the numerous reproductions of radiographs is high. 

Though it is primarily written for paediatricians and 
radiologists, who will, no doubt, value it highly, this book 
has something to offer to the endocrinologist and 
orthopaedic surgeon. To the paediatric radiologist it 
may well become a standard work of reference. 


Die Pathologie des Kindlichen Pankreas (Pathology of the 
Infantile Pancreas). By GERHARD SEIFERT. (Pp.x+ 
151; 109 figures, 21 in colour. DM. 52.—.) Leipzig: 
Georg Thieme. 1956. 

In 1924 Nakamura published an anatomical study of 
the infantile pancreas based on less than 100 cases from 
the department of Ghon, and no example of fibrocystic 
disease was included in this series. Since then the 
interest of paediatricians and pathologists has been 
concentrated on this disorder and several monographs 
have been published, usually attempting to support one 
or the other view on the pathogenesis. The great 
amount of work which has been done in recent years on 
the morphological and functional pathology of the 
infantile pancreas makes Dr. Seifert’s monograph a 
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welcome addition to the literature. The book is based 
on the study of the pancreas in 587 necropsies and an 
almost complete survey of the literature. The chapters 
on the developmental anatomy and postnatal changes 
are comprehensive and the figures given for « and £ cells 
in the islands of Langerhans particularly valuable. The 
physiology is treated rather briefly and the difference in 
nervous stimulation of the pancreas on one hand and the 
salivary glands on the other hand is not mentioned. 
Dysgenetic cysts (Wegelin’s dysontogenetic cysts) are 
well illustrated by figures 28 and 29 but figure 27 is more 
suggestive of fibrocystic dystrophy. Lipomatous 
atrophy of the pancreas is clearly separated from 
developmental abnormalities but the atrophy with 
replacement lipomatosis in fibrocystic disease is not 
mentioned. The statement that in pancreatic atrophy 
with lipomatosis there are no changes in other organs 
will be scarcely accepted by the majority of pathologists. 
There is an interesting discussion of pancreatic lipo- 
matosis in experimental Coxsackie-virus infection and 
the observation in a 134-month-old infant is reported, 
which suggests such an infection. The discussion of 
fibrocystic disease is based on 16 cases only and there is 
unfortunately no separate discussion of the three types 
described by D. Andersen, particularly of the changes in 
other organs. Alterations in the pancreatic secretion 
are well described and together with those observed in 
other diseases, including the pancreatosis of Bagenstoss, 
they are discussed under the heading ‘dyschylia’. 
Among the 16 cases of fibrocystic disease nine had a 
dyschylia of salivary glands, a statement which one can 
accept only if minor degrees, such as are common to 
many other diseases, are included. The absence of 
dystrophy or atrophy of secretory tissue in such 
dyschylias of salivary glands is not mentioned. There 
follows a good description of acute necrosis, acute and 
chronic pancreatitis and pancreatic changes in a variety 
of diseases and a very good discussion of the sialoedema. 
In the description of chronic pancreatitis with fibrosis 
one may wonder whether some were not examples of 
fibrocystic dystrophy. An example of lipidosis with 
involvement of the pancreas is described which appears 
to be a case of Schiiller-Christian’s disease, but in which 
surprisingly the Smith-Dietrich reaction is reported as 
positive. 

The paper, print and illustrations are excellent, the 
list of references exhaustive and, so far as the reviewer 
has noticed, printing errors are only exceptional. 


Die Pflege des Gesunden und des Kranken Kindes, Sth ed. 
By W. CaTeL. (Pp. xxiv+655; 336 figures. DM 42-.) 
Stuttgart: Georg Thieme. 1956. 

The Care of Healthy and Sick Children by Professor 
Catel is far more than its title indicates; it is in effect an 
introduction to physiology and medicine for nurses. 
The fifth edition has been expanded by five pages only 
to deal with advances of the past few years. At the 
same time some of the illustrations have been improved 
and the book will be a source of much pleasure as well 
as instruction to any German-reading nurse. 
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The Pathogenesis of Poliomyelitis. By HAroLp K. 
FABER. (Pp. xvi + 157; 16 figures. 36s.) Ox/ord: 
Blackwell Scientific Publications. 1955. 

The special function of this well-produced and readable 
monograph is to call attention to gaps which still exist 
in our knowledge of the pathogenesis of poliomyelitis, 
especially the pathways of infection. The widespread 
acceptance of this disease as an infection primarily of the 
alimentary tract which only rarely involves the central 
nervous system is due mainly to the accumulation of 
evidence within recent years following on the demon- 
stration of viraemia in man in the early stages of infection 
and in cynomolgus monkeys and chimpanzees after 
feeding virus. The author analyses the data in favour 
of this point of view in great detail and demonstrates that 
much of it is equally applicable to a strictly neurotropic 
conception of the disease. In the course of investigations 
extending over the past 15 years, the author and his 
associates have made a long series of histological studies 
of the peripheral ganglia in experimental animals and have 
come to the conclusion that the peripheral nervous system 
of the respiratory and alimentary tracts is the principal 
route whereby the virus gains access to the central nervous 
system. He has found that lesions in the peripheral 
ganglia precede the appearance of virus in the alimentary 
tract and viraemia, and believes that invasion of the cen- 
tral nervous system is ordinarily by strict axonal pathways. 
In abortive infections, the disease process probably does 
not ascend beyond the peripheral ganglia. These 
investigations are supplemented by detailed investiga- 
tion of the histological changes in the brain and spinal 
cord after varying types of peripheral exposure, including 
direct application of virus to the central end of the 
divided maxillary branch of the trigeminal nerve, tonsil- 
lectomy immediately following application of virus to the 
tonsillo-pharyngeal region, and simple feeding. It 
would appear from these researches that axonal trans- 
mission is of basic importance in central infection and the 
results show a strict anatomical localization in the brain- 
stem following such procedures. Many of the early 
symptoms of the disease in man can be interpreted as 
due to early involvement of the brain stem by way of the 
peripheral nerve roots of the region and not as the result 
of systemic infection of extraneural tissue. 

The appearance of virus in the intestinal tract is con- 
sidered to be due to centrifugal spread along axons 
towards the alimentary surface, and viraemia to passive 
reabsorption of virus by way of the portal capillaries of the 
intestine and thereafter into the general circulation. When 
viraemia is sufficiently intense, breakdown of the blood 
neuron barrier of the central nervous system is presumed 
to occur, resulting in typical lesions in susceptible areas. 

In his penultimate chapter, the author reviews the 
problem of immunization, and as a result of his own 
experiments and those of other workers in this contro- 
versial field, is of the opinion that satisfactory immunity 
will only be obtained by the use of vaccines composed of 
attenuated immunogenic strains of virus. 

The various sections are illustrated by excellent photo- 
micrographs and lucid diagrams: the bibliography 's 
comprehensive without being overwhelming. 
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Poliomyelitis, 2nd ed. By W. RITCHIE RUSSELL. (Pp. 
xi +147; 40 figures. 16s.) London: Edward Arnold. 
1956. 

Since the first edition of this useful little book in 1952 
there have not only been many advances in our knowledge 
of poliomyelitis and its viruses, but there have also 
occurred on the one hand the outstandingly disastrous 
Copenhagen epidemic which brought forth a reassessment 
of the treatment of bulbar types of poliomyelitis, and 
on the other, the elaboration of a protective vaccination. 
It follows that this second edition had to be largely 
rewritten. 

The book makes no claim to be an exhaustive textbook 
on the disease, but nevertheless the author has managed, 
in under 150 pages, to give a very comprehensive account 
of every important aspect. Management and treatment 
occupy, quite rightly, nearly two-thirds of the subject 
matter, and these sections are models of quality and of 
economical and arresting writing, and of the use of care- 
fully chosen illustrations and diagrams. Here also, as 
throughout the book, the thumbnail sketches of cases to 
illustrate points in the text are valuable, both as instruc- 
tion and to maintain interest. The care of cases of 
poliomyelitis during the acute stage has largely been 
given over to the infectious diseases hospitals. It is 
doubtful, as the author clearly indicates, whether this is 
in the best interests of the patients, or whether it is 
epidemiologically justified, but what is quite sure is that 
the loss to teaching hospitals of this experience will be 
reflected in a widespread ignorance in the disease by 
practitioners who have not during their studies had the 
opportunity to recognize the symptomatology or to 
observe the principles of treatment. When the inevitable 
epidemic overtakes them, and they have perforce to deal 
with a host of diagnostic problems, and also perhaps to 
treat many mild cases in their own homes, they will do 
so all the more adequately for having this handy and near 
perfect little book ready on the shelf. 

The production is excellent and on excellent paper. 
The illustrations are unusually successful in illustrating 
the points they intend to make. There are some 90 
references, most of them up to date, and a somewhat 
sketchy index. 


Management of Life-threatening Poliomyelitis. Copen- 
hagen 1952-56. Edited by H. C. A. Lassen. (Pp. 
xi+179; 55 figures. 22s. 6d.) Edinburgh and 
London: E. & S. Livingstone. 1956. 

This is an excellent eye-witness account by 21 experts 
and Professor Lassen himself, who has also edited the 
whole, of the terrifying outbreak of poliomyelitis which 
Occurred in Copenhagen in 1952. At one time, for 
several weeks, 30 to 50 patients a day were pouring into 
the Blegdam Hospital of whom six to 12 were drowning 
in their own secretions. The situation called for im- 
provisation and emergency measures. It is now well 
known how the method of tracheotomy and insertion of 
the cuffed intratracheal tube came to be chosen. This 
book iclls in detail how this was done and why, and the 
results obtained. It also deals with much more in the 


whole care of the patient with acute poliomyelitis, 
including the management of the convalescent stage. 
(In the list of contributors there is no mention of an 
orthopaedic surgeon!) There is also an_ excellent 
summary of necropsy findings. Anyone concerned with 
the care of patients with this disease will find this a 
fascinating and hopeful book. It is hoped it will 
become of historical value only, for Denmark is well 
ahead with vaccination of its population under 40 years 
of age with a poliomyelitis vaccine. Dr. Thomas 
Anderson of Glasgow has assisted with the translation 
undertaken by Professor Lassen and two Danish 
colleagues. 


Disease in Infancy and Childhood, 2nd ed. By RicHARD W. 
B. Exuis. (Pp. vii+710; 333 figures. 50s.) Edinburgh 
and London: E. & S. Livingstone. 1956. 

Although only five years have elapsed since Professor 
Ellis’s book first appeared, the general advances in 
paediatric knowledge occurring in this span of time have 
necessitated a thorough revision of the first edition. 
The changing face of paediatrics is mirrored in the long 
section devoted to congenital malformations; prenatal 
infection has a chapter devoted to it, and disorders of 
storage and growth are considered extensively. These 
aspects of paediatrics become yearly more important as 
the infections of childhood are brought under control. 
In the same way neoplastic disease is increasing in 
importance and is dealt with fully. The illustrations 
throughout really do contribute to the understanding of 
the text, the book is beautifully made and printed and is 
as much a pleasure to handle as its contents are to read. 


Kinderarztliche Notfallfibel. By B. p—E Rupper. (Pp. 
viii+ 178; 22 figures, | table. DM. 16.50.) Stuttgart: 
Thieme. 1956. 

That a third edition of this handbook should have been 
called for since the first edition appeared in 1949 is a sign 
both of the rapid advance of medicine and the need for a 
book dealing with the treatment of acute emergencies in 
childhood. Further evidence of the book’s popularity is 
that it has now been translated into Italian and Spanish. 
This third edition has been expanded to include newer 
disease syndromes and newer treatments, and is an 
up-to-date and comprehensive presentation of emergency 
treatment. There is a table of doses of drugs likely to be 
used in emergency and it is to be hoped that in the fourth 
edition a column will be included explaining what some 
of the proprietary names listed indicate. 


Lues Connata. By JOHANNES OFHME. (Pp. 114; 51 
figures, 33 tables. DM. 26.-.) Leipzig: Ver. Georg 
Thieme. 1956. 

This is not a monograph on the subject, but a brief, 
practical treatise on the early diagnosis, prevention and 
treatment of congenital syphilis based on the author’s 
personal experience of the vast clinical material available 
in Germany in the early post-war years. 
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The chapter on diagnosis is divided into three sections: 
clinical, serological and radiological. The clinical 
section is rather sketchy. It lists the symptoms and signs 
of the condition in their order of frequency and 
emphasizes the fact that none of them is pathognomonic 
per se. The author also stresses the fact that several 
time-hallowed syphilitic manifestations, like pneumonia 
alba, hydrocephalus and jaundice, are extremely rare 
and occur much more frequently in other conditions. 
The differential diagnosis of neonatal syphilis from other 
intrauterine infections (e.g., toxoplasmosis, cytomegalic 
inclusion body disease) and from haemolytic disease 
is well tabulated. 

The serological section is up-to-date and includes the 
treponema immobilization test. The section is mostly 
devoted to the pitfalls of serological diagnosis with 
particular emphasis on false positive results which may be 
due either to the method, to the sample (cord blood) 
or to the presence of maternal antibodies in the infant’s 
blood. 

The radiological section contains largely the author’s 
original (partly experimental) work on the pitfalls of 
radiological diagnosis. He deals with three types of radio- 
logical appearances: osteochondritis, periostitis and 
osteomyelitis, each of which he proves to be non- 
specific. The commonest osteochondritis is apparently 
the most misleading. 

The author divides prevention into antenatal and post- 
natal. Antenatal prevention consists of penicillin treat- 
ment of all mothers either giving a history of syphilis 
or found to be syphilitic irrespective of previous treat- 
ment. The degree of compulsion which he advocates is 
acceptable only on the author’s side of the Iron Curtain. 
The optimum time for treatment is the second trimester of 
pregnancy, but treatment should be given later if 
necessary, though after the eighth month it is not con- 
sidered adequate. 

Postnatal prophylactic treatment is given to all 
infants born of syphilitic mothers who either received 
no treatment during pregnancy, whose treatment is 
considered inadequate, or those who received their 
treatment too late. Children of adequately treated 
mothers apparently require no further treatment. 

Treatment of overt cases differs in infancy and after the 
first year of life. During the first year of life penicillin 
alone has been found adequate, after that it is supple- 
mented by arsenic and bismuth. 

The complete plan of prevention and treatment as 
adopted in Leipzig by the author is given in detail. 

As for tests of cure, the author is aware of the fact 
that the only conclusive evidence of it is a primary 
re-infection! For practical purposes, however, he 
discusses the behaviour of serological tests, cold agglu- 
tinins and serum iron levels under treatment. 

The list of references is limited almost entirely to the 
German literature. 


Traitement des Diarrhées du Nourrisson. By JEAN 
LevesguE. (Pp. 164. Fr. frs. 1,100.-.) Paris: G. Doin. 
1955. 


This book is one of a series of monographs on modern 
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medical therapeutics that has been inspired by Prof :ssor 
Raymond Turpin. The aim of the series is to present 
up-to-date reviews on certain subjects that can be used by 
general practitioners and teachers of undergraduate 
students. Dr. Jean Levesque has presented a very com- 
prehensive study of the diarrhoeas of infancy which. 
although it lacks a bibliography, should be of heip to 
young paediatricians and practitioners. 

The monograph is divided into three parts; the first 
section deals with the physiology of digestion, the 
physiopathology of diarrhoea and the principles of treat- 
ment. The second part describes the course and treat- 
ment of parenteral and summer diarrhoeas and the final 
section includes the dietetic diarrhoea and the chronic 
diarrhoeas, for example, coeliac and fibrocystic disease. 

The classification is full and considerable emphasis is 
placed on summer diarrhoea and infantile cholera. In 
contradistinction little is written concerning the coli- 
bacilli in acute gastro-enteritis and in the wealth of 
suggested treatments, which range from kaolin, carrot 
soup and apple puree to the antibiotics, no mention is 
made of neomycin. 

The author is not impressed with the role of gluten 
in the production of coeliac disease and suggests that 
there is a lack of vitamin B complex (for reasons un- 
known) with a resulting starch intolerance. 

In spite of these few criticisms, this is an interesting 
account of diarrhoea in infancy and will be referred to 
frequently by French students. 


Masked Epilepsy. By HuGHR.E. WALLIs. (Pp. x+5l. 
7s.) Edinburgh and London: E. & S. Livingstone. 
1956. 

The theme of this monograph is that those periodic 
symptoms so common in children, and in particular 
cyclical vomiting, are manifestations of epilepsy in 
which the characteristic convulsion is missing. The 
origin of the idea that epilepsy may occasionally be the 
cause of these symptoms must, as they say, be lost in 
the mists of antiquity, but to say of epilepsy ‘that the 
true cause of this condition’ is epileptic and to claim that 
this discovery is a new one, removes the monograph from 
the realms of serious scientific communication. 

The basis for this claim is stated to rest on the abnormal 
electrocardiograms not infrequently alleged to be found 
in children suffering from cyclical vomiting and especially 
on the good response that is had from the administration 
of phenobarbitone. The author says, for instance, that 
‘it is generally admitted that if a disorder responds to 
anti-convulsant drugs it may legitimately be called 
epileptic’, and later on the same page ‘I maintain that 
phenobarbitone is an anti-convulsant drug, and that any 
obscure periodic disorder which responds to treatment 
with it is probably epileptic’, and finally that ‘one of the 
reasons why phenobarbitone has a reputation as 4 
general sedative is because it cures masked epilepsy’. 
The reviewer for one disagrees emphatically with each 
of these opinions. 

The monograph attempts to support these claims by 
sketches and tabulation of the findings in 20 cases. 
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From these it is clear that five of the cases are in fact 
true epileptics having fits. In another five or even six, 
however, there is no more basis for diagnosis of epilepsy 
than electrocardiograms which are either normal (two 
cases) Or just outside the limits of normal (four cases) 
together, of course, with an immediate response to 
phenobarbitone. 

The monograph is rounded off by Appendix A, 
analysing the author’s 100 cases of convulsive disorders, 
and Appendix B which, even more irrelevantly to the 
main thesis, inadequately discusses the difficult questions 
whether, and when, convulsions should be treated. 
At 7s. this monograph is expensive, tendentious and 
misleading. 


Angiocardiographic Interpretation in Congenital Heart 
Disease (American Lecture Series). By HERBERT L. 
ABRAMS and HENRY S. KAPLAN. (Pp. viii+233; 163 
figures. 95s.) Oxford: Blackwell Scientific Publi- 
cations; Springfield, Illinois: Charles C. Thomas. 
1956. 

This is a comprehensive and excellently illustrated guide 
to angiocardiography in congenital heart lesions. It is 
based upon the findings in a large number of cases and is 
therefore a useful addition to the libraries of all those 
concerned with the diagnosis of these conditions. It 
would be of special value to anyone embarking on this 
branch of radiology for the first time. 

There is a good account of the part played by various 
workers throughout the world in the development of 
angiocardiography and an adequate bibliography. The 
technique of the authors is described in detail. Some 
experienced workers would be less inclined than they to 
resort to a second injection of dye when the first yields 
inadequate information, but their mortality rate of only 
1:5% perhaps justifies their practice. 

A good chapter on normal appearances is followed by 
a description of the findings in the various congenital 
abnormalities, the angiocardiographic appearances of 
each lesion being preceded by a useful summary of the 
symptoms, signs, electrocardiographic and radiological 
findings. 

The authors are probably correct in their opinion that 
in future the main scope of this method of investigation 
will be in congenital heart disease in infants and young 
children, and as their cases are mostly under 5 years of 
age this book should continue to be of value. 


Surgery of Childhood for Nurses. By RAYMOND FARROW. 
(Pp. 314; 142 figures. 25s.) Edinburgh and London: 
E. & S. Livingstone. 

A rapid look through this book with its admirable 
illustrations and printing on excellent paper makes one 
look forward with anticipation to reading it. This 
pleasure is not borne out in practice. There has been 
considerable carelessness in proof reading. Principle 
appears on three occasiors instead of principal. Items 
in the index are not in alphabetical order and such an 
obvious error as ‘frurinary’ has not been spotted. The 
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frequency of plural subjects with singular verbs and vice 
versa is considerable. There has also been a certain 
carelessness in presentation, for example, ‘In infancy the 
amount given at each feed should be calculated on the 
basis of 24 ounces per pound of body-weight’. It is 
possible that most readers will appreciate that the author 
meant 2} ounces per pound of body-weight per twenty- 
four hours. Again, in the part on intravenous infusion, 
no mention is made of how the nurse should change the 
bottle, of the danger of air embolism or of the various 
types of fluid which may be given. In blood transfusion 
it is stated that ‘if blood belonging to a person of one 
group is administered by transfusion to a child of a 
different group then agglutination will inevitably ensue’. 
This can only lead to confusion when a nurse discovers 
that she is giving blood of group O to a patient of a 
different group. One doubts if cystic swellings are 
invariably due to the persistence of some embryological 
structure and it seems certain that most nurses will 
appreciate that the latest antibiotic is not aureomycin. 
Lymphangitis and lymphadenitis are not even in the 
index or mentioned in connexion with infection, but are 
described in the chapter on ear, nose and throat. The 
want of care in proof reading is illustrated by the sentence 
regarding fluid replacement in burns: ‘You will not be 
called upon to perform this calculation yourself but you 
must be aware of the reasons for its administration’. 

While it is difficult to distinguish between surgery and 
nursing the book should have made some mention of the 
various anaesthetics, of the healing of wounds and of the 
conduct of wound dressings, removal of stitches, etc. 

The book will be acceptable to those who remain 
undisturbed by frequent errors in English. 


Report of the Committee on Maladjusted Children. 
(6s.) London: H.M. Stationery Office. 1955. 
This is the report of the committee of experts, 

representing many different approaches to the problem, 
which was set up in 1950 to enquire into the medical, 
educational and social problems relating to the mal- 
adjusted child, with reference to their treatment in the 
educational system. 

The 17 members are unanimous in their report and 
recommendations, which they admit are not new or 
revolutionary, as they consider that too little is yet known 
about maladjustment in children and the ways in which 
it can be successfully treated to make it possible to 
generalize, or to suggest ready-made solutions. 

They consider that greater efforts should be made to 
treat the maladjusted child in its own home, with the 
emphasis being laid on treating the family as a unit. 
With this end in view, they recommend a great increase 
in the child guidance services in the next decade, with a 
vast increase in trained personnel, which they realize 
will be difficult because of the problems of selection and 
training, one interesting suggestion being that fully 
trained paediatricians wishing to train as_ child 
psychiatrists should be able to do so without loss of 
status. 

They are concerned that the pre-school child, if mal- 
adjusted, is unlikely to receive treatment and recommend 
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that child guidance clinics should work in close co- 
operation with child welfare centres in their areas, also, 
that courses on the emotional development of children 
should be arranged for school medical officers, doctors 
working in child welfare centres and general practitioners. 
They consider that the further development of the 
consultant paediatric services, provided there is close 
cooperation with the child guidance services, must react 
to the advantage of the maladjusted child. 

The report is well written and stimulating, it will prove 
of great interest to all those working in the field of child 
health. 


Child Behaviour. By FRANces L. ILG and LOoulsE 
Bates Ames. (Pp. xi+364. 21s.) London: Hamish 
Hamilton. 1955. 

This is a depressing and dangerous book, written in 
journalese by two doctors who are directors at the 
Gesell Institute of Child Development at Yale University. 
In a book of 350 pages, which sets out to describe child 
behaviour and development, no mention is made of 
instinct or of anxiety or of love. 

They pos.ulate that ‘the human organism seems to 
act as it does largely because of the way it is built’ and 
derive the conclusion that individuality is largely inborn. 
Their assessment of the role played by the early family 
environment in an infant or child’s development is 
clearly stated as follows: 


A favorable environment (home or otherwise) can, it appears, 
permit each individual to develop his most positive assets for living. 
An unfavorable environment may inhibit and depress his natural 
potentials. But no environment, good or bad, can so far as we 
know change him from one kind of individual to another. 


One can only assume their lack of experience with 
children or adults who have had the misfortune to have 
had an unhappy early relationship with their parents or 
come from a broken home or have suffered some other 
disaster in their early environment. When a child is 
brought up in a normal, happy home, he or she will 
naturally go through the battles of life but the secure 
external environment which has built up a stable internal 
environment in the child will help him to come through 
the battles each in his own way. When all goes well we 
do not see the effect of the happy home life in the child 
as such; it is implicit in the personality and individuality 
of the child. 

One receives the impression that the authors are 
reassuring the parents. A plan of how a child is expected 
to develop is put before them: the child will naturally 
grow into maturity when all problems will have been 
solved, but maturity does not occur just because there is 
growth. 

In Parts II and III they set themselves the task of 
advising on problems met with in the developing child. 
They succeed in giving the parents an adequate picture 
of patterns of behaviour in normal growth but when it 
comes to helping the parents to get an insight into the 
motivations that underlie all behaviour problems, their 
understanding is naive and one is amazed that in the 
sixth decade of this century they are determined to deny 
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and ignore all the psychic factors which motivate 
behaviour. 

Nevertheless the authors have put a great deal of work 
into the book and amassed a wealth of detailed informa- 
tion about the type of behaviour which might be expected 
to occur at different ages; but the book contains so many 
half-truths that one cannot wholeheartedly recommend 
it as a help to parents or paediatricians. 


Behaviour Problems of Children. By J. C. MArvatia, 
(Pp. xiv+159. Rs 6/4.) Bombay: The Association 
of Pediatricians of India. 1956. 

This book is addressed primarily to students working 
or intending to work in child guidance clinics, to medical 
practitioners and to medical and psychiatric social 
workers. It may have some value for such workers in 
India, where other books on this subject are perhaps not 
easily available, but it is not very well written, and it 
gives nothing that has not already been set out before in 
a rather more satisfactory way. 

It contains long quotations from other workers in this 
particular field, and in places there is what appears to be 
a rather unnecessary inclusion of unpleasant details of a 
sexual nature. 

Certainly it is not a book that should be recommended 
to our students or psychiatric social workers. 


Youth: The Years from Ten to Sixteen. By ARNOLD 
GESELL, FRANCES L. ILG and Louise BaATEs Ames. 
(Pp. xv+542. 25s.) London: Hamish Hamilton. 
1956. 

This book completes the trilogy begun with /nfant 
and Child in the Culture of Today (1943) and The Child 
from Five to Ten (1946). But whereas the first two 
instalments drew freely on Dr. Gesell’s long experience 
and numerous publications relating to infants and young 
children, Youth deals with an age-group with which he 
is clearly less familiar. Techniques which helped to 
clarify patterns of infant behaviour under standard 
conditions are clearly inadequate for any but the most 
superficial assessment of adolescents. Informal inter- 
views and a battery of psychometric and other tests 
have been added, but if their interpretation is as un- 
critically naive as the section on somatotyping would 
suggest, it is not surprising that they have added little 
to current knowledge. The authors disarmingly admit 
that the sample on which the study was based was 
heavily biased to begin with, over 80° of the 165 
subjects being drawn from socio-economic groups I and 
II, intelligence being substantially above average, and 
selection being largely determined by willingness to 
co-operate. They refrain from giving more than the 
barest minimum of statistical analysis of data on the 
surprising grounds that further tables would give 4 
misleading emphasis on statistical precision. The text, 
however, would soon correct any such impression, since 
it is largely devoted to descriptions of ‘maturity profiles, 
maturity trends and growth gradients’ in such general 
terms that no amount of sub-division can mask their 
fundamental banality. We learn that youths at a given 
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age vary greatly in their capacity for making friends. 
‘A sad movie will invariably bring tears from a certain 
type of empathic girl, more often on the rotund side.’ 
And so, one is tempted to ask, what? 


Sexual Precocity. By HuGu JoLty. (Pp. xiii+276; 
illustrated. 50s.) Oxford: Blackwell Scientific Pub- 
lications. 1955. 

Sexual precocity is a comparatively rare event which 
can be caused by at least twenty different conditions. 
In the past isolated cases have been described. This 
monograph contains a study of 69 patients, 50 girls and 
{9 boys, which have been pursued by the author. Some 
of his patients were first seen in the 1920s and therefore 
their development through 30 years was observed. 
Most of them have had their endocrine functions 
investigated fully. ‘Constitutional’ outnumbers greatly 
any single pathological factor. The author points out 
that laparotomy is usually unnecessary for the diagnosis 
of female pseudo-hermaphroditism as the cervix can be 
sen by urethroscopy and often the Fallopian tubes 
outlined after injection of opaque dye into the uterus. 

The book is filled with facts—facts which are of great 
diagnostic importance. It is easy to complain of being 
asked continually to look at another page, but the author 
wanted to give the histories of his 69 patients in full and 
therefore devoted the second half of the book to this. 
Here are examples of constitutional precocity in girls 
and boys, and precocity following meningitis as well as 
precocity in association with cerebral tumour, tuberose 
sclerosis, congenital defect of the brain, adrenal hyper- 
plasia, adrenal hyperfunction, carcinoma of the adrenal 
cortex, interstitial cell tumour of the testis, granulosa 
cell tumour of the ovary, female pseudohermaphrodite, 
Albright’s syndrome, premature breast development only 
and hepatoblastoma. What a wealth of material! 

The author reminds one of Longfellow’s reaper: 


“With a heart for any fate, 
Still achieving, still pursuing, 
Learn to labour and to wait.’ 


lor waiting has brightened the prognosis of some, 
especially those with adrenal hyperplasia, by the intro- 
duction of cortisone therapy. 

A minor criticism is the English. ‘Practically’ is 
lrequently used for ‘almost’; the passive voice is too often 
used when the active is needed and surely in a book of 
this kind, which may well become the standard work, the 
author should look up the original references and not 
give secondhand quotations. 

The many photographs account for the price. No 
‘rious student will be deterred by minor criticisms from 
getting this book which is likely to become a classic. 


Child Mortality in the Netherlands. Atlas by J. H. DE 


Haas. (Pp. 95. 17s.) Assen (Holland): Van 
Gorcum & Co. 1956. 


This 's the first number of a series of reprints from the 
lijdschrift voor Sociale Geneeskunde, with Dutch and 
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English in parallel columns and all the charts and 
diagrams similarly bilingual. It is based upon data 
from the Netherlands Central Bureau of Statistics, and 
Professor de Haas, with a team of collaborators, has 
skilfully succeeded in making dry figures come alive in 
interesting diagrams with shrewd and concise com- 
mentary. As in any atlas illustrations are the main 
attraction and here they are well produced in black and 
white. The figures from the health point of view are 
astonishingly good—better than in England and Wales 
for almost every age period in childhood except for the 
pre-school child where, in Holland, accidents take a very 
serious toll of life. Perinatal mortality offers some scope 
for further improvement. A plea must be made for 
including a definition of stillbirth (or live-birth) in 
publications of this type since there is still some con- 
fusion in international comparisons. This is a fascin- 
ating volume for students of child health. 


Handbook of Poisons. By ROBERT H. DREISBACH. 
(Pp. 426; illustrated. $3.00.) Los Altos, California: 
Lange Medical Publications. 1955. 

The purpose of this book, according to the author, is to 
‘provide a concise summary of the diagnosis and treat- 
ment of clinically important poisons’. To this end he 
discusses in turn the clinical findings, treatment and 
prophylaxis appropriate to poisoning by a large number 
of toxic substances grouped in such categories as agri- 
cultural, industrial, houschold, medicinal, and plant and 
animal poisons. In the first section he considers general 
principles, including legal, and in an appendix describes 
various types of resuscitation equipment. While some 
of his material is relevant only to the American scene, 
most of it is on industrial and medicinal poisons that 
may cause trouble in Britain. 

Whether the author has succeeded in his purpose is 
rather questionable. The grammatical ambiguity in the 
opening words of the book quoted above is unfortunately 
symptomatic of the way the author has organized his 
material, for he presents it in such a way as to raise doubts 
about what sort of reader he has in mind, and in what 
circumstances the book is intended to be used. Some of 
it is too elementary for medical readers, for example, 
‘The sulfonamide derivatives are used in the treatment of 
bacterial infections’. Some of it is misplaced, for 
example, on treatment of acute poisoning by sulphon- 
amides the reader is enjoined, under ‘special problems’, 
to treat agranulocytosis. Again, in a handbook appar- 
ently intended for quick reference in the event of a 
possible or actual emergency, it seems odd to read under 
‘prophylaxis’ the warning, ‘Do not prescribe sulfon- 
amides unnecessarily’. Instructions like these in the 
section on sulphonamide poisoning are to be found in 
virtually every section of the book. Perhaps they make 
for completeness—and the book is indeed strikingly 
comprehensive—but the prospective purchaser would be 
well advised to examine it before deciding that it fills his 
need. 
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Towards meeting 
the demands of growth 


T HE higher metabolic needs of the young which accompany natural growth 
and development and which are further increased by heavy daily expenditure of 
energy, tend to diminish reserves of physical and nervous vitality. 


‘Ovaltine’ provides a useful supplement to help to satisfy the extra needs for 
proximate and accessory food principles. The malt, milk, cocoa, soya and eggs 
which ‘Ovaltine’ contains are blended to form a highly nutritious food beverage 
deliciously flavoured and easily assimilated. 


It is of value in helping to maintain normal weight increase and is of undoubted 
help to those recovering from the debilitating effects of the common fevers of 
childhood. For growing children ‘Ovaltine’ is a dietary reinforcement which can 
be routinely recommended with confidence. 


Vitamin Standardization 
per oz.—Vitamin B,, 0.3 mg.; 
Vitamin D, 350 i.u.; Niacin, 2 meg. 


A. WANDER LIMITED, 42 UPPER GROSVENOR STREET, LONDON W.1. 


\’anufactory, Farms and ‘Ovaltine’ Research Laboratories: King’s Langley, Herts. 
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in all countries. U.K. REGD. 
Patent No. 707227 *3:5:5 Trimethylcyclohexyl Mandelate Spasmocyclone (B.S.572)* 


THE MILD VASODILATOR FOR SAFE LONG TERM TREATMENT OF 
PERNIOSIS IN CHILDREN 


Free from side effects 

Indications 

@ To tide the patient over attacks of Perniosis 

@ Prophylactic administration during cold weather 

@ Bilateral symmetrical gangrene and atherosclerosis 
Dosage 

1-2 tablets per day, or at the discretion of the physician 
Bibliography 

Paediatrics for the Practioner, 1954, Vol. III, Chapter 135, p. 583 
Packs 

Bottles of 20, 50 and 250 X 100 mg. tablets 

Prescribable on Form E.C.10 in the U.K. 


Made under licence from: 


KONINKLIJKE PHARMACEUTISCHE FABRIEKEN WH 


-BROCADES-STHEEMAN & PHARMACIA 
AMSTERDAM - THE NETHERLANDS 


by CAMDEN CHEMICAL COMPANY LTD 
61 Gray’s Inn Road, London, W.C.1 


Sole Agents for the U.K., from whom literature and samples may be obtained on request 
Cyclospasmol is distributed in Eire by Messrs. Dominick A. Dolan, 58 Bolton Street, Dublin 
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on to Farex 


...and on 


Wy 


Although valued primarily for its success in introducing the infant tranquilly to 
the extra nutrients needed at weaning time, Farex is wisely—and widely—- 
continued throughout the formative years. Its formula is designed to ensure that 
whatever other food the diet includes, a basic daily meal of Farex will provide 


an adequate ration of the formative nutrients the child needs. 


In addition to wheat, oat and maize fours constituting a well balanced ration of fat, 
carbohydrate and tissue-building protein, Farex contains extra calcium and 
phosphorus for bone and teeth development, with added 


vitamins B, B, and D, plus iron for the blood. 


Farex can be given a variety of flavourings. 


. F A R E X 3 cereal food 


UKADE MARK 


In 1002. cartons. 


GLAXO LABORATORIES LTD., GREENFORD, MIDDLESEX BYRon 4434 
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0 more 


The tree-like Monstera is one of the 
most intriguing of all house plants and 
undoubtedly owes much of its 
popularity to the ease with which 
long-lasting decorative effects can be 
achieved under a variety of conditions. 
In antibiotic medicine, however, it is 
practical effectiveness that counts, 

for no doctor has time for a product 
which proves merely decorative. 

The popularity of the now pain-free 
injectable forms of Penidural is due 

to the dramatic, long-lasting effects 
that can be achieved, with 

intriguing simplicity, in treatment 

and prophylaxis, often using a 

single dose of these unique 


preparations. 


NJECTION 


LONG-ACTING 300,000 units of benzathine 


ALL-PURPOSE 


penicillin per c.c. Packs of single 4 c.c. 
and 10 c.c. vials. 


600,000 units of benzathine penicillin 
fortified with 300,000 units of each of 
potassium and procaine penicillin G. 
Packs of single 1.2 megaunit vials. 


The word ‘ Penidural ” is a registered trade mark of 


Pd.2 


JOHN WYETH AND BROTHER LIMITED, CLIFTON HOUSE, EUSTON ROAD, LONDON, N.W.I 
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SUPPLEMENT 


Here is a liquid vitamin supplement that is truly delicious 
—Vitavel Syrup. This careful blend of real orange juice 
and liquid glucose with vitamins A, B,, C and D is readily 
accepted by patients of all ages and dispositions. 


One fluid ounce contains at time of manufacture :— 
VITAMIN A 20,000, i.U. VITAMIN D 3,000 i.U. VITAMIN B, 4 mg. 
VITAMIN C 80 mg. LIQUID GLUCOSE B.P. 25% w/v. 


Basic price to N.H.S. 6 fl. ozs. 2/6, 40 fl. ozs. 16/- 


BEMAX stabilized wheat germ 


This richest natural vitamin- 
protein-mineral supplement is 
now available in two flavours, 
plain Bemax and chocolate- 
flavoured Bemax (of special 
appeal to children), 


PREGNAVITE during pregnancy 


A comprehensive vitamin- 
mineral supplement specifically 
designed to supply the enhanced 
dietary needs of pregnancy. 
Basic price to N.H.S. 

1,000 tablets 32/9. 


(9 |viramins LIMITED| (DEPT. BB4 ) UPPER MALL LONDON W.6. 
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Balanced vitamin intake 


for young and old 


Routine administration of ABIDEC* Drops and 
Capsules ensures adequate intake of essential vitamins 
in patients of all ages. Both preparations 

contain, in well-balanced proportions, seven 
important fat and water-soluble vitamins for the 


prevention and correction of dietary deficiencies. 


Abidec Drops provide an easily administered 
and comprehensive vitamin supplement 
during infancy and childhood. 

A single daily dose is adequate. 


Abidec Capsules suppty in one daily dose of 
ONE capsule the approximate vitamin 
requirements of the average adult or adolescent. 


*Trade Mark 


PARKE, DAVIS & COMPANY, LIMITED (Inc. U.S.A.) HOUNSLOW, MIDDX. Telephone: Hounslow 236! 
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Metabolic Insufhciency 


is a syndrome characterised by 
the co-existence of several 

signs and symptoms suggesting 

a state of metabolic dysfunction 


In many patients suffering from Metabolic Insul- 
ficiency ‘ Cynomel’ produces a positive improve- 
ment within a matter of days. 
‘Cynomel’ should be administered discriminately. 
Betore prescribing ‘Cynomel’ the physician should 
be fully conversant with the available literature. 
In sug. and 2sug. (scored) tablets, both in 
containers of 100 and tooo. 


Cyn omel L-triiodothyronine 


the new treatment for Metabolic Insufficiency 


an SKF preparation @® ‘Cynomel’ is a trade mark 


Smith Kline & French 


represented by Menley & James, Limited 
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The time honoured method of 
making a bitter drug palatable 

is to add flavouring agents to 
disguise the taste. 

But usually the patient is 
disillusioned because long after 

the pleasant flavour has disappeared 


the bitter taste persists. 


Pharmaceutical 
Research 


In the Roche laboratories the 
constitution of the sulphafurazole 


molecule was modified so that 
no bitter taste was left, yet 
in contact with the digestive 
enzymes the new compound was 
converted back to sulphafurazole, 
the highly active sulphonamide. 
The modified sulphafurazole is 
now used in the production 


of ‘Gantrisin’ Syrup. 


‘Gantrisin 


Trade Mark 
S Y R U P 
Completely free from bitter after-taste 


Gantrisin’ Syrup containing 0.5g Suiphafurazole (as N' Acetylsulphafurazole) in 5¢.c. is available in packings of 100 .c.c. and 500 c.¢ 
LONDON 


MANCHESTER SQUARE 


ROCHE PRODUCTS LIMITED 
Viil 
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in the treatment of Enuresis... 


Powerfully anticholinergic. PRO-BANTHINE 
inhibits transmission of neural stimuli at 


the autonomic ganglia. 


By depressing the pelvic nerve, PRO- 
BANTHINE inhibits the micturition reflex. 


PRO-BANTHINE increases bladder capacity 


and prevents enuresis. 


Reports on the use of PRO-BANTHINE 
in the treatment of enuresis are most 
favourable (Northwest Med., Jan. 1954; 
Brit. Med. 7., Oct. 9, 1954). About 
g2 per cent. favourable results either of 
cessation of the enuresis or of “marked 
diminution” of its occurrence are reported 
on dosages ranging from 15 to 45 mg. 
at bedtime. 


*REGISTERED TRADE MARK 


= SEARLE & Co. LTD. 
cH WYCOMBE, BUCKS. ‘Tel: High Wycombe 1770 
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Carnation Milk for infant feeding 


- The advantages of 


Standardisation 


MINERALS 2-04°, 

PROTEIN 8-91°, (arnatio 
FAT 9:17%, 

CARBOHYDRATE 11-45%, 


EVAPORATED 


VITAMIN D INCREASED » HOMOGENIZED 


* The diagram above shows the percentage 
4 x . of solids in Carnation Milk. The total 
‘ solids are standardised, as required by 
law, to a minimum of 31%. Of this 

figure 9°, must be butterfat. 

: Previous Carnation advertisements have 

. demonstrated that, chemically and physically, 

. ordinary milks cannot compete with the range of 
tolerance and digestibility of the proteins and 

butterfat in Carnation Milk. These superiorities in 

an infant food are enhanced by the uniformity 

obtained by standardisation. 


Uniformity in practice means :— 


1. Constant calorie value. 2. Accuracy and ease of 
measurement. 3+ Control of intake where necessary. 
4. Precision in dilution. 5. A milk cf known value at all 
times — and available everywhere. 


Other attributes of Carnation Milk are: 
— Safety, because of sterilisation after the Carnation 

cans are sealed — Hypo-allergenic properties 
— Homogenisation — Prophylactic D3. 


“The Feeding of Infants’? —a book specially prepared for doctors 
together with reprints of clinical investigations and Carnation feeding 
charts are available from: Medical Dept., General Milk Products Ltd., 
Bush House, Aldwych, London, W.C.2. 


CARNATION MILK “from Contented Cows” 
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FERROMYYN (Ferrous Succinate) has been proved clinically 
to offer the most acceptable form of iron for oral administration 
in the treatment of hypochromic anzmias. 


RECENT FINDINGS 

In aclinical trial* conducted this year a therapeutic compari- 
son was made between Oral (Ferromyn), Intramuscular and Intra- 
venous methods of iron administration. “...and unless the patient 
is very near term this (Ferromyn) is the method of choice in the 
first instance, even for severe degrees of iron-deficiency anzmia.” 
*British Medical Journal (1956), 2, 638. 


FERROMYN is presented in four forms: 


FERROMYN TABLETS & FERROMYN ELIXIR Each tablet 
teaspoonful contains: Ferrous Succinate 150 mg. 


FERROMYN ‘B’ TABLETS & ELIXIR FERROMYN ‘B’ 
Each tablet/teaspoonful contains: Ferrous Succinate 150 mg. 
Aneurine Hydrochloride 1 mg. Riboflavin 1 mg. Nicotinamide 
10 mg. 


Leadership in Oral-Iron therapy 


CALMIC LIMITED, CREWE. Phone CREWE 3251-5 FERROMYN 


LONDON: 2 Mansfield St., W.1. Phone LANgham 8038-9 


AUSTRALIA: 458-468 Wattle Street, Ultimo, Sydney, N.S.W. CANADA: Terminal Building, York St., Toronto 
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THE GREATEST RANGE 


Length of experience, Breadth of organisation and 
Height of aspiration have provided a range of Infant 
Milk Foods to deal with almost every feeding problem. 
THE HIMALAYAS It has always been our policy to co-operate with Paedia- 
tricians both at home and overseas, and many of our 
Special Foods have been made at their instigation. 
If you have any feeding problems, we shall be only too 
happy to give you any possible help, by discussing 
production of additional special foods. 
Full details of all our products, with analyses and indi- 
cations are given in our Medical Handbook, obtainable 
on request from the Medical & Research Department, 
Cow & Gate House, Guildford. 
CLINICAL SAMPLES will also be sent. 


COW & GATE MILK FOODS 


GUILDFORD SURREY 
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Favoured Treatment 


bbe little luxuries extended to ailing children do not 


if often include an ingratiating medicine. There is a 
need for palatable and harmless forms of the drugs given 
to young patients. Aspirin, one of the commonest, is, 
0 for instance, one of the most unpleasant, and can be Junior Paynocil tablets each 
™ harmful to the delicate gastric mucosa. contain 2} grains of aspirin 
On the other hand, most children will readily take ond 1{ grelas of giycine. 
Besides speeding disintegra- 
aspirin in the form of Junior Paynocil. These tablets are tion and eliminating the 
a really pleasant to take ; they disperse instantly on the unpleasant aspirin flavour, 
tongue without water, and minimise the risk of gastric glycine confers on each 
le aspirin particle a lubricant, 
irritation due to aspirin. . 
demulcent and protective 
It, barrier. 


Packages 


J unior _ Cartons of 20 in sealed 


foil strips. 


PAYNOCIL 


Basic N.H.S. cost: 


me C. L. BENCARD LTD., PARK ROYAL, LONDON, N.W.10 
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ae ym BUT curd particle size is an even more important index of digesti- 


the booklet 
entitled ‘Infant 


Feeding with 
Evaporated Milk’. curd from boiled or any other kind of cow’s-milk. 


: 
Full Cream LK 
Evaporated 


LIBBY. McNEILL & LIBBY LTD., FORUM HOUSE, I5 & 16 LIME STREET, LONDON, E.C.3 Gy 


Nutrition in Childhood 


Safety, simplicity and digestibility in 


INFANT FEEDING 


Safe—Libby’s Evaporated Milk is fresh cow’s-milk concentrated, 
sealed in cans and sterilized so that it remains sweet and safe in- 
definitely. It cannot cause diarrhoea or other digestive symptoms 
due to bacterial contamination. 


Simple—In making the formula, no boiling or straining of the 

milk is required. It is prepared simply by adding boiled water and 

granulated sugar. 

-, Easily Digested—Digestibility depends upon low curd tension 
‘and small curd particle size. The sterilization by heat of Libby’s 

Milk is far more effective than is boiling in lowering curd tension. 


bility than is curd tension, as shown by Doan and co-workers in the 
United States. Libby’s Evaporated Milk, reconstituted with water 
and curdled with rennin, which approximates conditions occur- 
ring in the infant’s stomach, remains liquid with suspension of 
extremely fine curds, similar to human milk, and much finer than 


Libby’s Infant 
Feeding Department | 
welcomes enquiries mixed with 


C Pasteurized 


Photomicrographs showing 
comparison of curds from: 
A Human Milk 

B Libby’s Evaporated Milk 


volume of water 


Each specimen was curdled 
by the addition of rennin. 
During the precipitation the 7 
milks were stirred constantly 
to simulate conditions in a 
baby’s stomach. 


14 times its 


Milk 


Considerable deviations in weight from the average do not neces- 
sarily indicate malnutrition in children. Several distinct causes may, 
however, produce severe emaciation. Organic diseases, such as 
coeliac disease or persistent vomiting, result in symptoms of mal- 
nutrition. Weight may be lost rapidly, although only temporarily, 
by toddlers who go through a phase of refusing food. In a very small 
proportion of children in this country poverty and malnutrition 
are still associated. These children who are in poor general condition 
improve quickly when dietary supplements or optimum diets are 
given. 

Marmite is a yeast extract which supplies niacin (16-5 mg. per o2z.), 
riboflavin (1-5 mg. per oz.), folic acid, pyridoxine, choline, panto- 
thenic acid, p-aminobenzoic acid, biotin and inositol. It is very 
popular with children of all ages and is widely recommended for them. 


MARMITE 


Literature on request 


MARMITE LIMITED, WALSINGHAM HOUSE, SEETHING LANE, LONDON, E.C.3 
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pleasant-tasting 


vitamin 


supplement 


Children take Paladac without fuss or 
bother because it “tastes good”’. 


Mothers like to give it because Paladac 
is readily accepted, flows freely, needs 
no refrigeration, and may be added to 
milk, fruit juice and other foods, or 
taken direct from a teaspoon. 


Doctors can prescribe Paladac with 


confidence since it provides a reliable Primarily intended for the 3-10 age- 
daily source of vitamins—one 4 c.c. group, Paladac is equally suitable for 
teaspoonful supplies 7 vitamins in adolescents and adults where liquid 
amounts exceeding minimum daily medication may be preferred. 


vitamin requirements. Paladac is supplied in bottles of 4 and 16 fi. oz. 


Each teaspoonful (4 c.c.) contains:—Vitamin A 5,000 units, Vitamin D 1,000 units, Vitamin B; (Aneurine Hydrochloride) 3 mg., 
Vitamin Be (Riboflavin) 3 mg., Vitamin Bg (Pyridoxine Hydrochloride) 1 mg., Nicotinamide 20 mg., Vitamin C (Ascorbic Acid) 50 mg. 


Parke, Davis « COMPANY, LTD. (inc. U.5.A.), Hounslow, Middlesex. Tel: Hounslow 236! 
700 
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About baby feeding - 


HOW HEINZ STRAINED FOODS HELP 


You can confidently recommend Heinz 
Strained Foods to mothers with young 
babies. They help to give the baby a fully 
balanced diet and offer convenience, with 
ease of preparation. 

Heinz use the freshest vegetables and 
fruits. They cook and strain them under the 
most carefully controlled conditions, more 
hygienically than most mothers can, and 
with greater retention of food values. 

For full details of the nutrient values of 
the 19 varieties of Heinz Strained Foods, 
write to Dept. 5S, H. J. Heinz Company 
Ltd., Harlesden, London N.W.10. 


“HEINZ 
Strained Foods 


MEAT BROTHS * SOUPS VEGETABLES SWEETS CEREAL 


DECEMBER, | 


ANNALES PAEDIATRICI 


International Review of Pediatrics 
(Published since 1858) 


Selection of articles published in the 1956 issues: 


en Juvenile Diabetes, with Particular Reference to Diet. By Yngve Larsson and Lars Strém, 
tockholm. 


Electroencephalographic Syndrome of Foetal Abnormalities resulting from Toxoplasmosis and 
German Measles. By Marcel Monnier and F. Bamatter, Genéve. 


Studies of the Treatment of Goiter in Children without Functional Disturbances. By L. Hostomska, 
M. Hordékova, M. Hrubcova and V. Maly, Prague. 


eo Iron Therapy in Anaemia in Children. By S. 7. Winter, G. Mundel and H. Salomon, 
aifa. 


Chronic Cystinosis with probable Hypothyroidism. By C. Hooft, M. J. Delbeke and J. Herpol, Gand. 


Myocarditis in Newborns, Caused by Coxsackie Virus. Clinical and Pathological Data. By S. Van 
Creveld and H. De Jager, Amsterdam. 


2 volumes (of 6 issues each) are published every year 
Price per volume: 82s. 


S. KARGER A. G., Basel, Switzerland 


Agents for the United Kingdom: 
INTERSCIENCE PUBLISHERS LTD., 88-90 CHANCERY LANE, LONDON, W.C.2 
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appetite 


must be controlled 


LBoilly 


Fat people die first —as any insurance company knows. To 

live longer, they must eat less. 

‘Dexedrine’ is the safe, effective drug for the control of appetite in 
weight reduction. ‘Dexedrine’ not only makes it easier for 

the patient to eat less, but also prevents the irritation 

and depression that so often accompany 


the start of a reducing regimen. 


De xedrine — safe, effective appetite control 


@® Smith Kline & French 
represented by Menley & James, Limited, Coldharbour Lane, London, S.E.5 
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Suspension Chloromycetin* Palmitate, 
Chloromycetin, simplifies the 
broad-spectrum antibiotic to infants 
unable to swallow capsules. Each 

125 mg. Chloromycetin. Suspension 
used successfully in many serious 
including staphylococcal pneumonia, 


and early pertussis, as well as in acute 


XViil 
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e 
Effective in a wide range \ 


Childhood 


7 


a palatable liquid preparation of 
administration of this potent 

and children, or to those patients 
teaspoonful (4 c.c.) provides 
Chloromycetin Palmitate has been 
respiratory infections of childhood, 
bronchiolitis, laryngotracheobronchitis 


infantile gastroenteritis and urinary infections. 


*Trade Mark 


> 
np Parke, Davis & COMPANY LTD. (inc. U.S.A.) HOUNSLOW, MIDDLESEX Telephone: Hounslow 236! 
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penicillin and sulphadimidine 


Pneumonia 


the treatment of choice in Otitis media 


Mastoiditis 


Eskacillin 
200 Sulpha 


a palatable liquid oral presentation 
in fl. oz. bottles 


ions. 


Smith hline G French 
represented by Menley & James, Limited, Coldharbour Lane, London S.E.5 


‘Eskacillin’ is a registered trade mark 
236! 
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RECENT PUBLICATIONS 


Refresher Course for General Practitioners 


Clinical Pathology in General Practice 


Second Collection 
Third Collection—with Classified 
Contents List to Volumes I, II and III 


Price 25/- each (by post—inland 26/6, overseas 26/-) 


Each book contains a collection of sixty Refresher 
Course articles from the British Medical Journal. Each 
article, written by an acknowledged expert, has been 
revised by its author. The articles cover a wide range. 
Their object is to refresh the reader’s memory of what 
is old and well-established and to tell him about new 
developments. 

They are invaluable to general practitioners and residents 
as practical reference books, to specialists as a means 
of keeping in touch with developments outside their 
own field, and to final-year students as up-to-date and 
reliable text-books. 

The Third Collection has a cumulative classified con- 
tents list to the three volumes of Refresher Course for 
General Practitioners. 


321 pages. Price 21/- (by post—inland 22/3, overseas 21/9) 


This handbook on clinical pathology meets the needs 
of the general practitioner, the houseman, and the 
senior student. It contains thirty-nine articles comprising 
a series specially written for the British Medical Journal. 
Each article has been revised and brought up-to-date 
by its author. The book gives authoritative information 
on— 

@ available laboratory facilities 

@ reliable tests and which to use 

@ techniques for collecting and preserving specimens 


@ interpretation of results and significance of abnormal 
findings 


“Any Questions?”’ 


Second Series 


Third Series—with Cumulative Index 
Price 7/6 each (by post 8/-) 

These pocket-size volumes each contain some 200 
questions and expert answers from the “Any Ques- 
tions?” pages of the British Medical Journal. Each 
answer has been chosen for its practical value to doctors 
in their day-to-day work. Many deal with subjects not 
covered in the standard text-books. 

The Third volume has a cumulative index to all the 
answers appearing in the three books in the series. 


Obtainable from booksellers or by post from 
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PUBLISHING MANAGER, BRITISH MEDICAL ASSOCIATION 


B.M.A. HOUSE, TAVISTOCK SQUARE, LONDON, wW.C.l 
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